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PLATE IX. 
In this  article we shall  relate  the results  of an  experimental  inves- 
tigation  of  some  of  the  conditions  influencing  the  secretion  and 
composition  of  bile.  The  subject  of  the  experiment  was  a  female 
patient  at  the  Massachusetts  General  Hospital,  and  we  desire  to 
express  our  great  indebtedness  to  Dr.  H.  It.  A.  Beach,  who  most 
kindly  placed  the  case  at  our  disposal  and  who  helped  us  in  every 
way possible to carry on the investigation to the desired end.  We have 
also to thank  Dr.  Beach's house surgeon,  Dr.  John  C.  Pegram,  5r., 
who  took  a  great  deal  of  care  and  tro~lble  in  superintending  the 
general management  of the case at the hospital  and in  collecting the 
bile.  The  arrangement  for  doing  this,  which  was  devised  by  him, 
answered its purpose most satisfactorily. 
The  following report  of the  history of the  case  was  kindly  givm~ 
us by Dr.  Pegram: 
On December 10th,  1894,  Mrs.  M.  entered the hospital in the service 
of Dr. F. C.  Shattuck, with the following history: Age 38.  Family his- 
tory negative.  Previous history: measles.and scarlatina as a child.  Mar- 
ried  ten years, five children,  the  youngest nine  weeks old.  Had acute 
rheumatism  two years ago,  for which  she  was  treated  in  this  hospital. 
Never any rheumatism before or since.  Pregnancy uneventful until follr 
months ago.  Had dmdng the last three months three chills, which were 
called malarial.  Fever and sweating followed chills.  Weighed 160 lbs. 
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before onset of present trouble.  Four months ago  had a  pain beneath 
the right costal border.  There were nausea and retching with Lhe pain, 
but no vomiting.  No chill nor fever, but profuse sweating.  Pain lasted 
three  hours.  Jaundice  noticed  two  days  later,  which  persisted  in  a 
varying degree.  Color  deepened after  each attack  of pa~n, and faded 
at intervals  until the last  attack,  after which it remained unchanged. 
Eleven weeks ago a  second  attack of pain, four weeks ago a  third, and 
two weeks ago the last and most severe  attack.  Urine for several  days 
after  each  attack  was  dark  and  then  would  become  normal  in  color. 
Stools noticed to  be  clay-colored  on  only one  occasion;  not  offensive. 
Bowels moved daffy. 
Physical examination.--Well developed,  thin woman, marked yellow- 
ness  of  skin  and  conjunctivae.  Lungs and  heart  negative.  Marks  of 
scratching  on  back  and  arms.  Liver was  felt two  inches  below  right 
costal border,  and what seemed  like  an  enlarged  gall bladder was  felt 
projecting below.  Urine  at this time:  bile  color,  acid, slight trace  of 
albumin,  renal  cells  of  normal  appearance,  some  bile  stained.  Some 
abnormal blood.  A  few hyaline and granular casts  of small diameter. 
F~eces: hard, some well colored,  others clay-colored. 
Operation was advised but was  refused.  She  was  treated  then with 
enonymin gr. ill twice a day.  Color  faded some three days later.  One 
stool was dark and another light.  Tumor was as  described  above,  but 
no  pain.  December  28th,  18  days after entrance, she  was  discharged. 
Urine then showed only a faint trace of bile. 
On April 4th, 1895, the patient again entered the hospital, this time 
in the  service  of Dr.  ~.  H.  Richardson, giving the  following history: 
Since  leaving the hospital her general health was good except for three 
attacks  of  pain,  followed  by  jaundice,  similar  to  previous  attacks. 
Physical examination at this time showed a slight jaundice.  Just below 
right  costal  border  and  about  in  the  anterior  axillary line  was  felt  a 
tumor the  size of  a  hen's  egg,  soft  and  movable,  dull  on  percussion. 
Liver apparently not increased in size.  Patient had an attack of pain 
on  day  of  entrance  and  another  the  following day.  On  the  day  of 
entrance  stools  clay-colored.  April  8th,  cholecystotomy by Dr.  M.  H. 
Richardson.  Seven  large  gall  stones  removed  from  the  cystic  duct. 
l~one were felt in the common duct.  By April 20th patient was having 
movements of good color,  jaundice practically gone.  By April 23rd the 
wound healed, and on this day she was discharged. 
On November 4th, 1895, patient re-entered the hospital, this time in 
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last discharge from the hospital she had an attack of colic, which passed 
off.  Four or five weeks later she had a second attack, followed by slight 
jaundicel  At  this  time  a  small  abscess  formed  in  the  cicatrix  from 
operation, and, according to  the  patient's  account, this  broke  and  dis- 
charged  bile for three  or four weeks and  then healed.  She  was  com- 
paratively well during the next three months.  Five weeks ago she had 
a third attack, and after that had three more.  Examination at entrance 
showed  the  patient  to  be  very  much  jaundiced,  conjunctivse  yellow. 
Distinct  mass felt in region of gall bladder.  Urine  high colored with 
bile  pigment.  Fseces  clay-colored. 
November 8th, operation performed by Dr. ]=[. H. A. Beach.  A rapid 
dissection through the old cicatricial tissue soon disclosed the much dis- 
tended gall bladder,  which was  opened, giving vent to nearly a  pint  of 
thin  and  dark  green  bile.  A  careful  search  for  impacted calculi  or 
other  obstructions  was  now  made  with  probes  entered  at  the  cystic 
duct.  No  calculi  were  found.  The  opening  in  the  gall  bladder  was 
now closed temporarily and a  careful dissection made below it into the 
general peritoneal cavity.  An investigation of the relations of the com- 
mon duct was then made to determine whether the canal was obstructed, 
the exploration extending toward the left side as far as the aorta.  The 
probe  reinserted could be  felt from the outside of the  gall bladder  ex- 
tending to a mass that seemed to include the head of the pancreas, which 
appeared  to  be  enlarged  and thickened as  though  it  were  the  seat  of 
old inflammatory processes or of some new formation.  The wound was 
then closed, with the exception of the gall bladder opening, which was 
drained by a gauze wick.  The wound granulated, and by December 22nd 
there was left only a sinus leading into the gall bladder.  A small rubber 
drainage tube was inserted into the sinus, and through it the bile drained 
into a  bottle which the patient carried at her side, and she was allowed 
to  walk  about  the  ward.  Jaundice  disappeared  and  the  patient  felt 
perfectly  well  and  began  to  gain  some  in  weight.  Stools  were  clay- 
colored, large and very offensive.  The patient avoided fats in her diet, 
as they caused  nausea.  From December 22nd,  1895,  to  January 10th, 
1896, the patient excreted through the tube an average daily amount of 
15 ounces of bile, an unestimated amount being lost in the dressing. 
A  careful examination of the depth and  calibre  of the fistula at this 
time revealed what one might expect, namely, that, although the opening 
of the  fistula in  the  skin would  just  admit  a  glass  tube  the  diametel 
of an ordinary lead pencil, beneath the skin the fistula was of a  greater 
diameter.  To  prevent  leakage  of  bile,  in  order  to  keep  an  accurate 52  Secretion and  Composition of Human  Bile 
record  of the  amount  of bile secreted, it was simply necessary then  to 
get a  cannula with  a  bulbed end into the fistula, the  bulb of course to 
be larger  than  the  opening.  By taking  a  number  twelve  soft  rubber 
catheter, invaginating  it into a piece of rubber tubing, and then reflect- 
ing the rubber tubing on itself for two inches and then  cutting off the 
pointed  end  of  the  catheter,  we  had  a  pliable  cannula  bulbed  at  one 
end.  This  bulb was larger  than  the fistulous opening in the  skin,  but 
by dilating  the  opening a  little  and  exerting  a  little  force the  cannula 
slipped  into  the  sinus.  In  twelve  hours  the  scar  tissue,  which  was 
stretched  in  dilating,  contracted  sufficiently to hold  the  drainage  tube 
in place and prevent the escape of bile, save through  the lumen of the 
catheter,  which was then connected with a glass tubing which ran over 
the edge of the bed and emptied into a graduated glass jar.  The intro- 
duction  of  the  cannula  into  the  wound  caused  no  particular  change 
there,  nor  did  it  cause  any  irritation.  Patient  was  still  wearing  her 
cannula when discharged from the hospital on April  18th,  1896. 
We intended  to  study  the  action  of some  of the  supposed chola- 
gogues.  Before entering  on the real subject of our investigation we 
had to study first the normal flow of bile in our patient  and the nor- 
mMly occurring variations.  The patient was taking the ordinary hos- 
pital diet,* consisting of breakfast,  dinner and supper. 
As we wished  first  to  determine  accurately  the  hourly  quantities 
of  bile  discharged  through  the  fistula,  the  patient  was  kept in  bed 
for  two  consecutive  days,  and  the  amount  of  bile  collected  during 
each hour was measured.  On the third  day the patient  was up and 
walked about the ward.  On this day the total quantity of bile passed 
during 24 hours was collected and  analyzed. 
The chart on page  53 represents the hourly flow of bile during 48 
consecutive hours. 
* This diet was made up for breakfast as follows:  oatmeal, wheat or cera- 
line,  baked potato,  bread,  butter, toast,  tea,  coffee.  For  dinner:  potato  and 
one  other  vegetable,  pudding  or  ice  cream,  bread,  butter,  toast,  tea.  For 
supper:  cream toast, cooked fruit, cereal food or blanc mange, bread, butter, 
toast, tea, cocoa.  In addition, soup every day for dinner, roast beef four times 
a  week, lamb stew once, baked fish once, and roast lamb once.  In addition 
there  was given for  breakfast  on Monday,  scrambled eggs;  Tuesday, fresh 
fish  in  cream  sauce;  Wednesday  and  Saturday,  hash;  Thursday,  broiled 
minced beef or salt fish and cream;  :Friday, salt fish and cream or scrambled 
eggs;  Sunday, baked beans or steak. Franz  Pfaff and  Alfred  W.  Balch  53 
We began to collect the bile at 2 P. M. 
on  the  12th  of  January,  1895.  At  1 
o'clock the patient  had her  dinner,  at  6 
supper,  and  at  7  o'clock the  following 
morning  breakfast.  On  the  abscissa  of 
the  curve  are  marked  the  hours  of the 
day,  and  on the  ordinate  the  quantities 
in cc. of bile collected during each hour. 
At  a  glance  we  see  that  the  hourly 
quantities  of  bile  secreted  vary  very 
much, the lowest amount being 8 cc. and 
the highest 42 cc.  On one day the low- 
est quantity  of bile was collected in  the 
morning  from  7  to 8,  and  on  the  other 
day  from  12  to  1  o'clock A.  5f.  The 
largest quantity secreted fell on one day 
between 1  and  2  o'clock P.  1V[.  ;  on  the 
other  day from  12  to  I  o'clock P.  3&, 
that is to say, one day directly after din- 
ner  and  the  other  day  directly  before 
dinner. 
The  total  quantity  e(fllected  on  the 
third  day, when the patient  was up  and 
walking about, was 525 cc., whereas the 
amounts for the first two days were 517 
and  501  cc.  of bile per 24 hours.  The 
daily  total  quantity  of bile  secreted  by 
the patient seemed therefore to be rather 
constant. 
Before  we  began  our  experiments  a 
chart  of  the  daily  amount  of  bile  dis- 
charged  through  the  fistula  had  been 
kept  for  a  few  weeks--showing  an 
average  quantity  of  15  ounces  of  bile 
per  day.  But  at  this  time  a  certain 54  Secretion  and  Composition  of  Human  Bilc 
quantity was absorbed by the dressings, and therefore the total quan- 
tity collected must have been smaller than that found by us. 
The specific gravity of the different samples of bile, collected during 
these three days, varied from 1008 to 1010.  The color was yellowish 
brown.  A  small trace of albumin was present.  The percentage of 
solids varied between 1.6  and 1.7  per  cent, and the ash between  0.8 
and 0.9  per  cent. 
To compare our results of the flow of bile in a case of biliary fistula, 
we will review the observations made upon similar patients by other 
observers. 
Monro* observed in a case of abscess of the liver communicating with 
the  gall bladder  and lung, the  flow  of bile,  which  was  discharged by 
coughing.  The  quantity  expectorated,  being  mixed  with  mucus  and 
saliva,  could not be  measured  with  great accuracy.  The whole  quan- 
tity in 24 hours was from 10  to  15  ounces.  The  quantity of bile  dis- 
charged differed at different times.  It was always  greater after meals, 
and especially for an hour or two after dinner. 
Charles Robin t  quotes a case of Taconi in which an old female patient 
secreted through a biliary fistula 500 grammes of bile in 24 hours.  The 
cause of the biliary fistula is not given. 
Johannes Ranke~  observed  a  male  patient  with  a  fistulous opening 
between the liver and the lung.  Sometimes the total quantity of bile 
was discharged by coughing, at other times the bile found its way, appar- 
ently in total quantity, into the intestine.  Five determinations of the 
quantity of bile secreted during 24 hours were made at a time when the 
f~ces did not show  any trace of biliary constituents.  The bile  was  of 
course  mixed with the bronchial secretion and saliva.  As soon as  the 
bile ceased to be coughed up, Ranke determined the amount of bronchial 
secretion which was  expectorated the next 24:  hours and  deducted this 
amount from the quantity of mixed biliary and bronchial secretion.  The 
average  of bile  secreted  during the  five  days of  observation  was  thus 
calculated to be 636 cc. per day.  The minimum on one day was 405 cc., 
Quoted in The Cyclopmdia  of Anatomy  and Physiology.  Edited by R.  B. 
Todd.  London,  1839-1847,  p.  180. 
~-Le~ons  sur  les  humeurs  normales  et  morbides  du  corps  de  l'homme. 
Paris, 1867. 
Die  Blutvertheilung  und  der  Th~itigkeitswechsel  der  Organe.  Leipzig. 
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and the maximum on another day 922 cc., a  difference of over 100  per 
cent. 
M. Noel* published a quantitative analysis of a sample of bile collected 
from a patient with a biliary fistula.  He does not give any cause for the 
biliary fistula, and states only that the quantity of bile discharged during 
24 hours was about 900 grammes on one occasion.  The specific gravity 
was 1009.7. 
Von Wittich ~ observed for a very short time a patient in whom a bili- 
ary  fistula  had  formed spontaneously  on account  of  gall  stones  in  the 
cystic duct.  Wittich collected in four hours  during the daytime 88  cc. 
of  bile,  and  during  ten  holtrs  of the  night  224  ec.  From  these  two 
observations he calculated the amount of bile secreted per hour as 22.2, 
and per day as  532.8  cc.  He 'made no analyses of solids  or ash. 
In  1873  It.  Westphalen~  observed the  flow of bile  in  a  patient who 
probably had  a  liver abscess,  causing perforation into the right pleural 
sac, with subsequent discharge of the bile through the bronchi.  Thora- 
cocentesis being  performed, the  bronchial fistula  closed,  and  for about 
three weeks the bile was discharged througk the opening in the thorax. 
The bile was  measured every four hours,  day and  night.  The amount 
discharged for four hours  did  not  vary much  during the  day,  whereas 
the quantity collected from 2-6 A. hi. was invariably the smallest.  The 
bile passed during the night was more concentrated than during the day. 
The total amount  of bile discharged during 24 hours  amounted on the 
average to  498.85  grammes  of 1010.4  sp.  g.,  with  2.25  per  cent solids. 
Charles Ylurchison § saw a case of biliary fistula operated on On account 
of biliary concretions.  He made no analyses, and merely says "the fluid 
was discharged from the opening at a  rate of from 1 to 2  ounces in one 
hour,  sometimes  more  and  sometimes  less.  It  was  usuMly  increased 
after a meal." 
In 1884 Gerald F. Yeo and E. F. Herroun¶ published their observa- 
tions  made  on  a  patient  with  cancer  of  the  common bile  duct.  The 
average amount  of bile  secreted per  24 hours was  only 374.5  cc.  The 
total amount of solids was in the mean 1.35 per cent, and the sp g. 1008. 
Recherches  sur  la  bile  prise  sur  un  malade  atteint  de  fistule  biliaire. 
Jo~trnaZ de Pharmacie et de Chim~e,  III, col:  xxxxi, p.  354,  Paris. 
t  Zur  Physiologie  der  menschliehen  Galle.  Pfliiger's  Archiv,  vi  (1872), 
p.  181. 
Ein Fall yon Gallenfistel.  Deutsches Arch.  f.  k~tt.  Medicin,  xi,  p.  588,  1873. 
§ Clinical  Lectures  on  Diseases  of  the  Liver.  Second  edition,  New  York, 
1877. 
I[ A  Note on the Composition  of Human Bite  obtained  from  a  Fistula.  The 
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"No  difference  in  rapidity  of secretion  could  be  detected  at  any time, 
and no increase was noticed  after the  small  meals of which  the  patient 
partook;  the  amount  produced  at  night-time  was  the  same  as  that 
secreted  during  an equal period in the  day." 
S.  Monckton  Copeman and  W.  B.  Winston*  published  in  1889  their 
observations made  on  a  female patient suffering from biliary  colic  due 
to  gall  stones.  A  biliary  fistula  was  established,  and  the  total  quan- 
tity of bile secreted during 24 hours was measured every day at 10 A. M. 
During more than a  month the bile was collected every day.  The aver- 
age amount of bile secreted during 24 hours was 779.6  cc.  The amount 
of solids was estimated on four different occasions.  On one the amount 
was 1.42 per cent, or total 10.86 grammes solids per 24 hours. 
On  different  days Copeman and  Winston  made  observations  on  their 
patient  to  determine  the  hourly variations  in  the  flow o~ bile  and  the 
relation  of  the  variations  to  the  meals  taken  by  the  patient.  These 
observations  always  extended  over  24  hours.  The  mean  of  all  these 
variations  is  given in  a  curve.  The  patient  had  her  meals  a~  follows: 
Breakfast, 5 A. M.; lunch,  10 A. M.; dinner,  1 P. M.; tea, 4.30 P. M.; and 
supper,  7.30  P.M.  "The  secretion  was  least  at  5  A. 1~., when  some 
hours had elapsed since the last meal, and greatest at 12 noon, the amount 
ranging between the wide limits of 14.5 cc. in an hour and 54.5 cc. in an 
equal time.  Breakfast time, when the  rate of the flow was at its lowest 
ebb, is followed by an immediate rise for the next hour, with a secondary 
one  two  hours  later.  The  extensive  rise  about  noon  is  curious,  as  the 
10  o'clock lunch  is  not  by any  means  a  large  meal,  while  there  is  no 
such elevation after dinner,  the principal meal of the  day." 
In 1890 A. W. Mayo Robsonf  published his observation made also on 
a  female patient in whom he had established a  biliary fistula on account 
of obstruction in the  common bile duct.  The bile escaped through  the 
fistula  for  15  months.  Later  cholecystenterostomy was  performed  and 
communication  with  the  duodenum  thus  re-established;  the  patient 
making after both operations  good recovery.  The  quantity  of bile  col- 
lected in  24 hours  on various  dates during  eight  months  of observation 
varied from 39.5  ounces to  25.9  ounces,  and averaged nearly  30  ounces. 
More  bile  was  invariably  secreted  during  the  day  than  at  night,  the 
difference at times being as much as  5  ounces,  at  others not  more than 
3 drams.  "More solids are contained in the bile by night than by day. 
* Observations  on  Human  Bile  obtained  from  a  Case  of  Biliary  l~istula. 
The Jou~na~ of Physiology, vol. x, pp. 213-231. 
t Observations on the Secretion of Bile in a  Case of Biliary Fistula.  Pro- 
ceedings of the Royal ~oc4ety, vol. xlvii, p. 499. Franz  P~aff  and  Alfred  W.  Balch  57 
The quantity of bile  discharged is  apparently not much influenced by 
the ingestion of food.  The reception of food into the stomach is gen- 
erally contemporaneous with a marked decline in the flow of bile, lasting 
about two hours."  On page  504  a  curve is published representing the 
hourly  secretion  of  bile  during  24  consecutive  hours.  The  smallest 
quantities of bile were discharged in the early morning hours; the high- 
est amount on one day at 5 P. M. and the other day9 A. M. 
D. 1~o~1 Paton and John M. Balfour* made in 1891 a series  of obser- 
vations also  on a  female patient suffering from cholelithiasis.  After a 
biliary fistula had been established they determined that the total quan- 
tity  of  bile  excreted  in  24  hours  was  on  an  average  638  cc.  The 
specific  gravity  v.aried between  1005.5  and  1008.2.  The  solids 
amounted to  1.31 per  cent,  and  the  average  total  weight  of  the  bile 
solids  in 24  hours was  8.38 grammes.  But the patient at the time of 
the investigation was not normal, as shown by abnormal temperature, etc. 
A year later Noel Paton T made on the same patient new observations, 
during two days only, but the patient was now in perfect health.  The 
biliary fistula had remained open during the whole time, the total quan- 
tity of bile being discharged through the fistula.  The total quantity of 
bile  secreted during 24 hours was  (mean of the two days' observation) 
590  cc.,  with  2.3  per  cent  of solids,  the  total bile  solids  excreted  per 
94 hours amounting to 13.6 grammes. 
Olof ttammarsten~ observed  the flow of bile  in seven  patients with 
biliary fistula.  In  each  of his  seven  cases some  of the  bile  found its 
way into the intestine.  The total quantity of bile secreted per day was 
therefore not entirely discharged through the fistula and  could not be 
measured.  The percentage of solids  in the different samples  collected 
by ttammarsten varied from 1.63 per  cent to  3.53 per  cent.  In most 
of  his  cases this  percentage  was  higher  than  that  found  by  other 
observers.  This fact may be  explained by the  circumstance that bile 
really found its way into the intestine,  ttammarsten's samples  of bile 
are therefore to be regarded as the sum of the fresh bile formed daily 
On the Composition, Flow and Physiological Action of Bile in Man.  Re- 
printed  from vol. iii of Laboratory  Reports  issued  by the  Royal  College of 
Physicians,  Edinburgh,  1891.  Quoted  from  Gamgee's  Physiological  Chem- 
istry, 1893. 
t  D. Noel Paton, Further Observations on the Composition and Flow of the 
Bile in Man.  Laboratory Reports of the Royal College of Physicians,  Edin- 
burgh, vol. iv, 1892.  Quoted from Gamgee's Physiological Chemistry,  1893. 
Zur  Kenntniss  der  Lebergalle  des  Menschen.  l~ialy's Jahres-Bericht  der 
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and a part of reabsorbed bile.  That  part of the bile which entered the 
intestine had of course its influence upon the digestive processes taking 
place there,  and thus may have also influenced the amount  of solids in 
the biliary secretion. 
In the beginning of 1896  Edington*  published observations made  on 
a patient with a biliary fistula.  He collected from 285.5  to 70.5  cc. bile 
per  day.  But  he  Could  not  collect  ~he  total  amount  of  bile  secreted 
during 24 hours, as some of it always found its way into the duodenum, 
the obstruction to the outflow being incomplete. 
Of all these different observations on the itow of bile in human sub- 
jects,  there  are  only three  which  may really  be  compared  ~4th  our 
case.  The others are either too incomplete or were made on subjects 
in  abnormal  conditions,  so that  the  results  obtained  are  not reliable. 
Taeoni's,  yon Wittieh's,  :Noel's and  ~urehison's  cases are too incom- 
plete to allow any comparisons.  In Ranke's,  Westphalen's,  ~[onro's, 
Yeo and tterroun's  cases the patients were in a.bnorma]  conditions, so 
that  the  results  obtained  are  not  reliable,  In  Hammarsten's  seven 
cases  and  in  Edington's  patient  the  bile  entered  partly  into  the 
duodenum,  so that the total quantity could not be ascertained.  The 
remaining  cases  of Copeman  and  Winston,  ~Y[ayo Robson and  Noel 
Paton's  second  observation  gave  results  obtained  on  patients  whose 
condition,  with  the  excoption  of  the  biliary  fistula,  could  be  fairly 
well regarded  as normal,  and which  can therefore be compared with 
the  data  in  our  case.  In  all  four  cases  the  patient  was  a  female. 
Comparison of the quantities of bile and bile solids secreted during 24 
hours in these different cases will be seen in the following table. 
T .~_BL  E  I, 
Copeman 
and  M. Robson.  No~ll Paton.  Our patient. 
Winston. 
Weight  in  K  grs  ................. 
Bile  secreted  in cc .............. 
Bile  solids in grins .............. 
Bile  secreted per  K  of body in  cc.. 
Bile  solids secreted per K  of body. 
43.7 
779.6 
11.09 
17.08 
0.25 
53 
849.0 
15.28 
16.0 
0.28 
?  73 
590.0 
13.596 
8.08 
0.186 
51.4 
514.3 
8.57 
10.0 
0.167 
*  The  Bile  Salts  in  their  Relation  to  the  Secretion  of  Urea,  etc.  Journa~  o~ 
Ana$omy  and Physiology,  1896. Franz  Pfaff  and  Alfred  W.  Baleh  59 
The total quantity of bile secreted during 24 hours was smallest in 
the case of our patient;  the same is true of the total amount of bile 
solids.  For completeness we g4ve also in the table the bile  and bile 
solids secreted in proportion to one kilo body weight of our patient. 
In most of the publications on this subject such comparisons are made 
by the different authors.  A. Gamgee* seems to lay particular stress 
on this point,  and the figures in the above table are copied from his 
book.  But  body weight and  bile  secretion do  not stand in  definite 
relations,  and  comparisons  cannot  well  be  made.  It  is  an  often 
observed fact that small animals of the same species frequently furnish 
absolutely larger quantities  of  bile than larffer animals  of the same 
kind.  P.  Spiro,~ and before him Ritter,:~ showed that bile secretion 
and body weight do not stand in any relation to each other.  We shall 
see later that  our patient,  in spite  of a  considerable gain in weight, 
did not secrete a proportionately larger quantity of bile per day. 
As to the hourly secretion of bile we can well compare the curves 
given by ~[ayo Robson,  and by  Copeman and  Winston,  with  ours. 
In their cases and in our observation the first things to notice are the 
enormous variations  in  the  hourly flow of bile  and  the  lack  of  all 
regularity.  The greatest amount of bile  secreted may occur at any 
time of the day, and cannot be placed in definite relation to any meal. 
Broadly speaking, we can deduce from our combined observations only 
the fact that the flow of bile increases during the day,  after taking 
the different meals, and that it decreases again during the night.  The 
hourly quantities  of bile  secreted are  very irregular.  The  smallest 
amount of bile secreted is, as a rule, in the early morning hours, before 
any food is taken.  The night bile is more concentrated than the da:~ 
bile. 
This is in contradiction to the observations of A. Kunkel § made on 
dogs.  He found that the bile secreted during the day was more con- 
* Text-book  of  the  Physiological  Chemistry  of  the  Animal  Body.  By 
Arthur Gamgee.  London, 1893. 
t  Ueber die Gallenbildung belm Hunde.  Arch.  t.  Physiologic,  1880, Supple- 
ment Band, p. 62. 
]~Iarburg,  1862.  Quoted from Spiro's paper. 
§ D. A. Kunkel, Pfliiger's Archiv, xv, p. 353  (1877). 60  Secretion  and  Composition  of Human  Bile 
centrated than during the night, whereas urine was more dihlte dur- 
ing the day than at night. 
Our observation that the night bile is generally, if not invariably, 
more concentrated is corroborated by the observations of Mayo Robson 
and ~Vestphalen on their patients, who also found the night bile more 
concentrated. 
As  the  hourly  quantities  of  bile  vary  so  enormously,  an  experi- 
mental study of the action of supposed cholagogues, based on observa- 
tions  of  the  hourly  flow,  w~uld  be  positively  illusory.  Normally 
occurring variations would be held for the supposed effect of drugs~ 
and  conclusions drawn from such results  would be  entirely without 
foundation.  As we have seen, the flow of bile did no,t vary very much 
in the total quantities discharged during 24 hours, the amounts being 
between 525 and 501 cc. in an observation of three consecutive days. 
Comparisons of the variations of the daily quantities of bile secreted 
could therefore give positive results as to the real value of supposed 
cho]agogues.  ]~ut in  order to  minimize here the possible  errors  in 
excluding normally occurring variations  even in  the  daily  flow,  we 
concluded to compare the amount of bile  discharged during consecu- 
tive normal days when the patient was taking no medicine) with an- 
other period of days when the patient was under the influence of so- 
called cholagogues.  Such a  method of experimenting had to  be ex- 
tended over a  rather long period to  show results for each substance 
with which experiments were made.  But our aim was not to try many 
substances  for their supposed  action,  but  rather  to  study  accurately 
only a few drugs, in order to get, if possible, a  definite knowledge of 
their action. 
]~[any  experimental investigations of the action of supposed chola- 
gogues on  animals have been undertaken,  and  this  shows  the great 
importance given to this subject.  Unfortunately the results obtained 
were not in direct proportion to the laborious work which those inves- 
tigations  demanded.  The  whole chapter  of  cholagogues is  really a 
chapter of contradictions, and only in the last few years has clearness 
been graduMly brought into the experimental part of this important 
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line,  especially  on  animals,  which  gave  such  contradictory results, 
have  often  been  undertaken  under  conditions  which  are  open  to 
severe criticism. 
The principal reason why the experiments of the different investi- 
gators  gave  such  different results  was  an  erroneous  idea  as  to  the 
normal flow of bile.  Most  of the  experimenters labored  under  the 
false impression that  the flow of bile  was  not  only continuous,  but 
fairly regular,  so that  experiments extending over hours would give 
positive results.  In such experiments, variations in the flow of bile, 
observed during very short time units--quarter-hours, or at the most 
a  few hours--were compared,  and  the differences found were attri- 
buted  to  the  supposed  action of the  drugs.  Whereas  in  fact these 
differences in the flow of bile were mostly normally occurring varia- 
tions!  Besides this fundamental error in the experiment, the investi- 
gators often used drugs in quantities which ' would have allowed one 
to  study  the  toxicological  action  of  the  substances  employed,  but 
scarcely the pharmacology of these drugs.  As  an example we may 
mention a study of the influence of croton oil as a cholagogue where 
doses of 30  drops,* and even more,t have been given to dogs.  The 
autopsies showed clearly the ravages croton oil made in the intestinal 
tract  of such animals.$ 
We are especially indebted to Baldi and to E.  Stadelmann and his 
pupils for having placed the experimental investigation of cholagogues 
on  animals  on  a  sound  basis.  Before  stating  their  results  we  will 
mention the different results of previous experimenters. 
The first experimental investigation of cholagogues was performed by 
l~asse.§  He  experimented on  a  dog with  a  permanent biliary fistula. 
First he studied the influence of different food-stuffs upon the flow  of 
William Rutherford,  On the Physiological Actions of Drugs on the Secre- 
tion  of  Bile.  Transactions  of  the  Royal  Society  of  Edinburgh,  vol.  xxix, 
p.  146.  R. gave these large doses in imitation of Roehrig's large doses. 
t  Roehrig,  Experimentelle  Untersuchungen  fiber  die  Physiologie  der 
Gallenabsonderung.  Stricker's  JahrSitcher, 1873. 
$ Rutherford,  loc. cir. 
§ Commentatio de bills quotidie a  cane seereta copia et indole.  Abstracted 
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bile.  Later he mixed with the food on one occasion 1 gramme of calomel. 
H.  Nasse  concludes  from  his  results  that  calomel  increases  the  total 
quantity  of bile secreted, but  that it diminishes  its solids. 
Koelliker  and  Mueller*  experimented  on  a  dog  with  a  permanent 
biliary fistula.  They studied  the  effect  of calomel,  and  to  some  extent 
also  of  aloes,  the  observations  being  made  on  different  days  during 
very short units  of time.  Calomel during one experiment increased the 
secretion  of  bile  slightly,  and  in  further  experiments  it  seemed  to 
diminish  the  flow  of  bile.  Aloes  did  not  seem  to  have  any  action 
whatever. 
Mosler~  experimented  on  dogs  with  permanent  biliary  fistulm.  As 
the  title  of his  publication  shows,  he  did  not  make  a  special  study  of 
cholagogues.  0nly  with  one  of the  drugs  employed,  namely,  calomel, 
did  he  mention  that  he  could  not  find  any  noticeable  increase  in  the 
flow of bile, as practitioners seem to believe. 
G.  Scoffs  made  his  observations  on a  dog  with  a  permanent  biliary 
fistula,  usually  during  24:  hours,  sometimes  for  a  longer  period,  and 
compared the variations in the amount of bile secreted during time units 
of  24  hours.  He  came  to  the  conclusion  that  calomel  in  large  doses 
produced "a diminution in the amount of fluid bile and bile solids." 
The subject of cholagogues was further investigated experimentally by 
a  committee of English physicians, of which Hughes Bennett was chair- 
man.§  The result of this investigation was that mercuric chloride, calo- 
mel and pil.  hydrargyri  did not increase  the  flow  of bile.  Podophyllin 
and  taraxacum have  also  no  cholagogue  action,  according  to  the  same 
authors.  Bennett and his collaborators experimented on dogs with per- 
manent biliary fistulae. 
The next investigation was made by A.  Roehrig.¶  He  experimented 
on  curarized  dogs  and  rabbits.  He  counted  the  drops  of  bile  flowing 
from the cannu]a inserted into the opened gall bladder.  The time units 
were  measured  by a  metronome.  Roehrig  came to  the  conclusion  that 
croton oil, extr. colocynthidis, sapo jalapinus and aloes acted as powerful 
*]3erieht  fiber  physiologische  Versuche.  Vrhdlg. der  Wiirzburger  physi- 
kaldsch-me~cin~schen Gesel~schaft, Bd. v, 1855. 
t Untersuchungen  fiber den Uebergang yon Stoffen aus dem  Blute  in  die 
Galle.  Virchow's Arcldv,  Bd. xiii, p. 29, 1858. 
:~ On  the  Influence  of  Mercurial  Preparations  on  the  Secretion  of  Bile. 
Beale's Archives of Medicine, col. i, p. 209. 
§ Br~tish Association. Reports, 1868. 
¶ Abstracted in Virchow u. Hirseh's Jahresbericht,  1873, i, p. 143, and Strick- 
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cholagogues before the  aperient  effect of these  drugs  became manifest. 
Rheum, senna, magnesium sulphate, calomel, and croton oil are, accord- 
ing to this author, less powerful cholagogues. 
In  1879  Rutherford*  published  his  experimental  investigation  of 
cholagogues.  He  had  as  collaborators  W.  Vignal  and  W.  T.  Dodds. 
These  investigators  experimented  on  fasting  curarized  dogs  with  tem- 
porary  fistulae.  They  tried  a  great  number  of  drugs,  and  came  to 
the  conclusion  that  mercuric  chloride, sodium  phosphate,  jalap,  aloes, 
sodium  salicylate,  etc.,  are  powerful  cholagogues.  Calomel,  according 
to their investigation,  acts only as an intestinal  stimulant,  not stimulat- 
ing the liver.  The duration of each experiment was about 6 to 8 ~ours. 
Before entering into  the study of cholagogues, Rutherford  and  his col- 
laborators observed first the normal flow of bile in curarized dogs.  Two 
of the published  curves show clearly the  irregular  flow  of bile in  such 
animals, and  ought to have cautioned the  experimenters  as to the  pro- 
priety of drawing  conclusions from small variations  in  the  flow of bile 
observed under the infiuence of drugs during small time units. 
Siegfried  Rosenberg t  studied the  effect of  supposed  cholagogues  on 
fasting  dogs with  permanent  biliary  fistulae.  He  concluded that  olive 
oil and fats are the most powerful cholagogues.  He studied further the 
action of salicylate of soda, Durand's mixture  (ol. terebinth  plus ether), 
and of Carlsbad salt.  The first of these drugs is a cholagogue, according 
to Rosenberg.  Durand's mixture gave no positive results,  and  Carlsbad 
salt negative results.  Rosenberg published  protocols, which,  according 
to him, warranted the conclusions he drew.  But we fail to deduce such 
conclusions from his published results.  The only one we can come to is 
that the flow of bile, even in a fasting animal, is very irregular.  Rosen- 
berg often observed about  100  per  cent  difference in  the  quantities  of 
bile secreted from one hour to another,  while the animal  was only fast- 
ened to the table and was given no drug whatever.  The amount of bile 
secreted,  after  olive oil  or  after food, showed little  difference.  Rosen- 
berg's unwarranted  conclusions found their way into practical medicine, 
and  even  in  our  days patients  are  drugged  with  doses of  olive  oil  ad 
~auseam,  on the supposition that the  oil is a  powerful cholagogue. 
Attilio  Batt~stini~  experimented  on  dogs  with  a  Bernard's  fistula. 
He does not give in detail any results of his experiments with santonin, 
Loc.  cir. 
Ueber  die cholagoge  Wirkung  des Oliveni~ls im Vergleich  anderer  cholag. 
Mittel.  Pfliiger's Archly,  1890,  Bd. 46, p. 334. 
:~ Einfluss  des  Santonlns  auf  die  Gallenausscheidung.  Molesehott's  Unter- 
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but only tabulates them grossly, so that  a  verification of his  conclusion 
that santonin is probably the best cholagogue existing is not possible. 
T. L. Pr~vost and Paul Binet* studied  a  long list  of supposed chola- 
gogues  and  the  elimination  of  medicaments  by  the  biliary  secretion. 
They divided the  substances  experimented on into  (1)  cholagogues like 
urea, terpinol, chlorate of potash,  salol, etc.;  (2)  substances  of doubtful 
properties: Carlsbad salt, aloes, rhubarb, etc.; (3) substances diminishing 
the  flow of bile,  such  as calomel, atropin,  etc.  Fats  had,  according to 
these  authors,  no  influence  upon  the  secretion  of  bile.  Bile  itself  is, 
according  to  them,  "surely  the  most  powerful  cho]agogue."  The  ex- 
periments were made chiefly on two dogs. 
D.  Baldi t  made  his  observations  on  dogs  with  permanent  biliary 
fistulae.  In his experiments the time of observation ~'aried from 6 hours 
to  24 and  more.  Baldi  showed from the  observations  on normal  dogs, 
that  is to say dogs that  are  not  under the influence of drugs,  that  the 
hourly secretion of bile is very irregular, and that the influence of food 
upon the secretion is also  very irregular.  As  supposed cholagogues, he 
tried  podophyllin,  rhubarb,  jalap,  sodium  phosphate,  pilocarpine  and 
Carlsbad water.  He concludes that not a single one of these substances 
increased the  amount  of bile  secreted.  He further  tried  the  influence 
of  ox gall  on his  dogs,  giving this  drug  either  per  os,  once  190  ccm., 
or in  small  quantities  intravenously.  After ox gall he  always  found  a 
decided increase in the secretion of bile. 
In  late  years  very carefully conducted investigations  of  cholagogues 
have been specially performed on dogs by E. Stadelmann and his pupils, 
Nissen,  Mandelstamm,  Mueller,  Loewenton,  and  Glass.  Stadelmann$ 
summarizes the results of these different observations, showing that with 
the exception of bile itself, and possibly salicylate of soda,  there are no 
substances  which  act  as  cholagogues.  He  insists  that  it  is  absolutely 
incorrect and faulty, on account of the irregular flow, to draw  compara- 
tive conclusions as to the flow of bile from observations extending over 
short periods of time. 
A. Gamgee § does not think that Roehrig's and Rutherford's experi- 
ments must be  "necessarily" incorrect because  other  observers have 
found by other methods different results.  He advises that the whole 
* Recherches exp~rimentales  relatives  ~ Faction  des  m~dicaments  sur  la 
s~er~tion biliaire et ~ leur ~liminatiou par cette s~cr~tion.  Compt. rend., cvi. 
t Recherches exp~rimentales sur la marche de la s~cr~tion biliaire.  Arch. 
4tal. de Biologic, tome iii, p. 389. 
$ Therapeutische Monatshe#e, 1891, p. 511. 
§ Text-book of Physiological Chemistry.  By A. Gamgee, p. 347. Franz  Pfaff  and  Alfred  W.  Balch  65 
chapter of cholagogues be investigated anew with the aid of Schiff's 
amphobolic  biliary  fistula.  We  do  not  think  this  is  necessary,  as 
Roehrig's  and  Rutherford's  conclusions  are  based  on faulty supposi- 
tions, and therefore should not be sustained any longer. 
Beside  the  experimental  investigations  of  cholagogues  carried  on 
on  dogs  and  other  animMs,  a  few  experiments  have  been  made  on 
human  subjects with biliary fistulee. 
In Westphalen's* ease the effect of large quantities of water, of calomel, 
and  of quinine  on the  biliary secretion was tried.  Large  quantities  of 
water did not increase the flow of bile, nor did its quality become altered, 
whereas  the  urine  of the  patient  doubled  in  quantity  and  its  specific 
gravity  diminished.  The  results  agree  perfectly  with  the  results  of 
Kunkel, t  Stadelmann and  other experimenters  upon animals.  Calomel 
given in  1.3  grammes  did not increase  the  amount  of bile  secreted by 
Westphalen's  patient.  Quinine  given  in  2-gramme  doses could not  be 
detected in the bile, nor did it affect its flow apparently. 
Copeman and  Winston$  gave their  patients  pills  made from purified 
ox gall,  in  doses of ten  grains  three  times  a  day.  The  first  two  days 
there was an increase in the daily amount of bile excreted.  But in spite 
of the  patient  continuing  to  take  these  pills,  the amount  of bile  daily 
secreted fell  after  three  days to  about  the  same  as  before.  The  pills 
were discontinued after a fortnight without causing thereby any notice- 
able lessening of the flow.  To these results we shall refer again. 
Mayo Robson § tried on his patient,  as supposed cholagogues, calomel, 
rhubarb,  podophyllin,  carbonate  of  soda,  iridin,  turpentine  and  ben- 
zoate of soda.  tie  comes to the  conclusion that  "the  supposed chola- 
gogues investigated seem rather to diminish than increase the amount of 
bile excreted." 
Of experimental investigations of eholagogues made on human sub- 
jects,  the  preceding  are  all  the  results  which  we  could  find  in  the 
literature. 
All the more recent experimental investigations of this subject made 
on animals  have led to the result  that  all  the  supposed cho]agogues, 
*Loc. cir. 
t  Eisen  und  Farbstoffausseheidung  in  tier Galle.  Pitilger's  Archiv,  xv, 
p.  353. 
:~ Loc. cit. 
§ Loc~ cir. 
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with  the  exception of bile  itself,  and  possibly  salicylic acid,  do  not 
increase the flow of bile, that is to say, are not cholagogues. 
Bile, as is now generally taught in works on physiology, after being 
discharged into the duodenum, is to  a  certain extent reabsorbed  and 
again  used for new secretion.  If this  is  true,  bile  given internally 
must naturally increase the flow of bile coming from a biliary fistula. 
This  phenomenon  of  reabsorption  of  the  bile  is  now  spoken  of  as 
"circulation  of bile," and to Schiff is given the credit of having estab- 
lished  for  the  first  time  this  fact.  We  find in  perusing  the  older 
literature that in the second half of the last century the probability of 
reabsorption of the bile or some of its products was already discussed.* 
In the present century Liebig was the first to  formulate precisely a 
theory  of  reabsorption  of  the  bile  from  the  intestinal  tract.  This 
theory seems to have been generally accepted by scientific investiga- 
tors of his time.  We find allusions to this theory in different places, 
as by E. yon Gorup-Besanez,t Rheinhold Schellbach,$ T. Ne, komm,§ 
and especially by C. G. Lehmann.¶  Here Liebig's theory ot the " cir- 
cuit "  of the bile " from the liver to the intestines and thence back to 
the liver"  is  very clearly put forward.  It is  true the theory could 
be  only indirectly sustained  by  the  examination  of  the  contents  of 
the  bowel,  "in  various  portions  of  the  whole  intestinal  tract  from 
above  downwards."  This  examination  " almost necessarily leads us 
to adopt the view that the greater part of the bile is again reabsorbed 
as it passes  through the intestine and is returned to the general mass 
of the fluids." 
The  first  direct  experimental  proof  that  biliary  constituents  if 
absorbed are again secreted by the liver was given by Huppert.!  He 
determined in rabbits  with fresh biliary fistulae  the biliary secretion 
and the amount of sodium glycocholate and taurocholate in it.  A~ter- 
* Experiments upon the Human Bile and Reflections on the Biliary  Secre- 
tion.  By James lVl'Clnrg.  London, 1772. 
-~ Ueber die Funktion der Galle.  Liebig's AnnaZen,  1851. 
$ Untersuchungen fiber Galle.  Liebig's A~nalen,  1846. 
§ Nachweisung  der  Gallensi£uren  und  die  Umwandlung  derselben in  der 
Icllutbahn.  Ibid. 1860. 
¶ Physiological Chemistry.  Translated by G. E. Day.  Vol. ii, p.  110. 
t Ueber  das  Schicksal der  Gallens~uren  im  Ictertls.  Archiv  der  Heilk~nde, 
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wards  he  injected  bile  constituents  subcutaneously.  He  says:  "It 
may be  concluded with  certainty  from  these  observations  that  the 
liver also secretes a  by no means inconsiderable fraction of the  bile 
acids which have passed into the blood." 
Only a few years later, 1868,  appeared the well-known publications 
of M. Schiff* on this subject, and they caused much controversy.  N. 
Socoloff,  t  working  in  Hoppe-Seyler's  laboratory,  denied  absolutely 
any quantitative increase of bile  constituents after injection of bile. 
Looking carefully over his experiments, we again find another proof 
that it is  quite  impossible to  draw conclusions from experiments on 
animals with biliary fistulse if these experiments are conducted for a 
few hours only.  Socoloff collected in his first experiment during the 
first  hour  0.247  gramme  bile,  and  in  the  subsequent  hour  2.212 
grammes, and in another experiment with the same animal during the 
first hour  11.207  grammes bile,  and  in  the  subsequent  hour  4.064 
grammes.  Such variations in the normal flow of bile are too great to 
allow any positive conclusion--from comparisons during such units of 
time  as to the action of supposed cholagogues. 
It would take too long for us to ~ve a detailed account of all the 
investigations in this line.  We shall mention only the results obtained 
by Rosenkranz,~:  who experimented on  dogs  with  complete and  in- 
complete  fistulae.  The  time  of  observation  in  his  experiments  ex- 
tended often over 24  hours.  His  results  may be  thus summarized: 
"Bile, if given into the stomach or into the intestine,  increases the 
secretion of bile  discharged from the fistula.  There is  not only an 
increase of the  absolute  quantity of bile  secreted in  the time units, 
but  also  an  increase in  the  percentage  of  solids.  The  quantity  of 
solids may increase after ingestion of bile to twice or three times its 
original amount.  If one injects bile rich in solids,  a greater amount 
of bile is discharged from the fistulous opening than after the inges- 
tion of the same quantity of dilute bile." 
* Gallenbildung abh~ngig yon der Aufsaugung der Gallenstoffe.  Pflliger's 
Archly, iii, p. 598. 
t  Ein  Beitrag  zur  Kenntnlss  der  Lebersekretion.  Pfliiger's  Archly,  xi, 
p.  166. 
Ueber das Schicksal und Bedeutung einiger Gallenbestandtheile.  'Vrhdlg. 
der ohysikal, medic. Gesellschaft ¢n Witrzburg,  xiii, p. 218. 68  Secretion  and  Composition  of Human  Bile 
Objections may be made to conclusions drawn from the percentage 
of solids of a bile as to the supposed amount of giycocholie and tauro- 
cholic acid in it,  such conclusions being misleading. 
In  our  experiments  we  not  only  determined  the  amount  of  bile 
solids in each sample of bile, but also the amount of ash,  to establish 
an  absolute  proof  of a  supposed increase  of  combustible  substances. 
But  as  such  substances need  not necessarily be,  and  as we  shall  see 
are not always formed by characteristic  bile elements,  we determined 
for  different  series  of  experiments  the  quantity  of  glycocholic  and 
taurocholic acid found in the bile of the corresponding periods. 
As  we  had  concluded to  try  bile  on  our  patient  for  its  supposed 
cholagogue  action,  the  question  arose,  what  bile  should  we  give,  in 
what form and to what extent?  That bile circulating in excess in the 
system  has  a  depressing  action  on  the  circulatory  system is  a  we]l- 
known fact which has been observed abundantly on patients  suffering 
from  jaundice  and  also  after  direct  experiments  on  animals.*  Be- 
sides this, the nauseating  and purging  effect of bile had to-be avoided 
if the results to be obtained were to be trustworthy. 
We thought  that  by giving  dried bile in  pill  form  the  nauseating 
taste and smell would be avoided. 
What kind of bile should we give ?  There is no positive proof, nor 
even a  strong  probability,  that  bile  of different  animals--in  spite  of 
its varying amount  of the  characteristic  bile acids--would act  differ- 
ent]y.  Nevertheless we find it stated by different experimenteTs  that 
animals  react differently to  different  biles.  As  we  had  of course  to 
use  the  utmost  caution  with  our  patient,  we  thought  it  wise  to  try 
first the  effect of her own bile on her  system before resorting  to bile 
of other origin. 
In what quantities should we give the bile?  This depended entirely 
on the question--to what extent is bile reabsorbed from the intestine 
We do not know.  If given in small quantities,  the amount  of reab- 
sorbed bile may be so small that  the difference in the total quantities 
of bile excreted through the bilial:y fistula might be regarded as a nor- 
mally occurring variation,  and  the supposed cholagogue  action  could 
* Roehrig,  Ueber  den  Einfluss  der  Galle  auf  die  ]~IerzthKtigkeit.  Archiv  der 
Heilkunde,  1863,  p.  385. Franz  Pfaff  and  Alfred  W.  Baleh  69 
not be positively demonstrated.  We reasoned that the amount of bile 
which  our patient  secreted  daily  was  the  minimum  amount  of bile 
which would physiologically reach the intestines.  We say the mini- 
mum amount,  as it is a well-estaMished fact that bile gained by a fis- 
tula has always less solids than normal bile.  In our case the patient 
was not reabsorbing bile for over two months  at  least,  that  is to say 
since the date of the operation.  Therefore the amount of bile collected 
from  the  fistula  during  24  hours  could  be regarded  as  representing 
the total quantity of fresh bile formed daily in our subject.  Whether 
the same quantity of fresh bile is formed daily when reabsorption of 
bile  is  possible  is  of  course  impossible  to  determine.  To  imitate 
nature we had therefore to give to our patient daily at least the same 
quantity  of  bile  she  discharged  through  the  biliary  fistula.  For 
obvious reasons we began to give her at first much smaller quantities, 
but  we  increased  the  amount  gradually,  until  finally  she was Even 
per  os  daily nearly  the  equivalent  of bile which was discharged  per 
fistulam. 
We evaporated her own fresh bile on the water-bath till the residue 
was perfectly dry.  Out of this residue pills were made with the addi- 
tion  of  the  necessary  amount  of  glycerine,  so  that  each  pill  corre- 
sponded exactly to 25 cc. of liquid bile.  The largest number of pills 
taken was twenty per day, which corresponded to 500 cc. of her fresh 
bile, whereas she discharged  on the  average,  during  24 hours,  514.3 
cc.  bile.  As to the  results  of our experiments  with  human  bile,  we 
shall  record these  with  all  the  other  results in  the subsequent table, 
and to make them more plainly visible also represent them in a  curve 
(Plate IX). 
Beside  the  effect  of  human  bile,  we  studied  the  action  of  salol, 
sublimate, ox bile, calomel, and a mixture of pure salts of glycocholic 
and taurocholic acid prepared from ox bile. 
Calomel is still employed largely in some countries for its supposed 
cholagogue effect, as is also corrosive sublimate.  Salol was given as a 
supposed cholagogue instead  of salicylic  acid,  as  we wished to learn 
how it acted, so that we might,  if necessary, use this substance to coat 
pills of ox bile in case that the taste  of the  latter should be disagree- 
able  to  the  patient,  or  that  we  should  find  it  necessary  to  prevent 7O  Secretion  and  Composition  of Human  Bile 
absorption of drugs already in the stomach.  Pills coated with salol, 
if properly made, pass unaltered o.ut of the stomach* and reach the 
intestine, where the alkaline succus entericus decomposes the salol into 
salicylic acid  and  phenol,  and  thus  allows  the  contents  of  the  pills 
free action. 
To  avoid repetition  we wish to  state  that  the patient,  during the 
whole time of observation, lived on the ordinary hospital diet, a  table 
of which has been given on page  52.  The  time  of  the meals  was 
always the same: breakfast at 7  A. ~V[. ; dinner, 1 P. )/f. ;  and supper, 
6 P.M.  The patient during the whole time of the experiments felt 
perfectly well.  Any objective signs or subjective symptoms--at one 
time a  kind of neuralgic pain in the teeth, and at another time sore- 
ness of the gums--will be found noted in the records of the day when 
they occurred. 
Menstruation of the patient was always regular t  before and after 
the operation.  At the beginning of our investigation the patient had 
a dislike for fatty foods and butter.  In fact she left a portion of the 
daily allowance of butter uneaten.  If the patient walked about the 
ward  the  movements of  the  bowels  were  fairly  regular;  when  she 
stayed in bed she became constipated.  The faeces had a very bad odor 
and  were  clay-colored.  No  bile  constituents  could  be  detected  in 
them nor in the urine. 
The mass of f~eces passed was enormous.  Judging from their size 
one would suppose the patient would have had difficulty, or at least 
much  discomfort,  in  passing  them.  But  she  never  complained  of 
this.  The reason why she had no inconvenience in passing such stools 
may be explained by the fact that the faeces contained a large amount 
of fat, which, if warmed to body temperature, becomes soft.  Patients 
with icterus~:  often say that they have a  soft stool,  when the faecal 
matter, after standing, has a perfectly naturM shape. 
* G.  Oeder,  Salolfiberzug  ffir  Dfinndarmpillen.  Berli.n.  klin.  Wochenschrift, 
1894, No. 15. 
i" M.  Robson's  patient  (1.  c.)  did  not  menstruate  so long  as  the  fistula  was 
patent.  As  soon  as  the  bile  was  again  turned  into  the  intestine,  the  men- 
strual  function  became  regular  and  normal. 
:~ F.  Mfiller,  Untersuchungen  fiber  Icterus.  Zeitsehr.  f.  klin.  Medicin,  xii, 
p.  45 et seq. Franz  Pfaff  and  Alfred  W.  Balch  71 
From  ffanuary  12  until  April  18  the  bile  discharged  from  the 
fistulous  opening  was  constantly  collected.  Every  six  hours,  with 
the  exception  of  the  third  day  of  our  observation,  the  recei~-ing 
glass--a graduated cylinder--was changed.  The bile was kept well 
stoppered  from one day to  another--in a  cool place,  and each day 
at 9 P. ~[. brought to the laboratory--twenty minutes' walk--where 
the  quantities  were  measured  and  the  dit~erent  samples  directly 
analyzed.  A  check table  of the quantities was  always kept in  the 
hospital,  so that in case one bottle should break during transport,  at 
least  the quantity  for  the  corresponding six  hours  could  be  stated. 
The  time  when  the  graduated  cylinders were  changed was  always 
2  P.  2~[., 8  P.  M.,  9  A. 1~[. and  8  A.  IV[., the  day counting from 9 
P. :~{. on one day to 9 P..-~[. the next. 
The first day in the following table  (Table II) was from 9  P. ~., 
January 19, until 9  P.  M., January 13;  and the last day of observa- 
tion,  the  97th  day in  the  curve, was  from the 17th  to  the  18th  of 
April. 
The specific gravity of each sample of bile was taken at the tem- 
perature of the laboratory with the same hydrometer.  To determine 
the solids and the ash,  25  cc.  of bile were evaporated in  a  platinum 
dish on the water-bath, and afterwards dried at  105-110 °  C.  to  con- 
stant  weight.  The  platinum  dish  containing  the  solids  was  now 
heated in a muffle, kept as newly as possible at the same temperature. 
As soon as the bile began to char, a burning match was hem over the 
dish so  that the bile took fire.  It seemed to us that in this way we 
got more quickly an ash free from carbon.  As soon as the ash ceased 
to diminish in weight, when kept half an hour at a dull red heat, the 
ignition  was  concluded.  The  quantitative  determination  of  ash  in 
bile is never entirely trustworthy.*  It was to reduce the error that 
we determined the ash in each sample of bile collected every six hours, 
instead of making only one analysis on the mixed bile for each day. 
In the followi, ng table will be found all the analyses of solids and 
ash of the different samples of bile collected during our observation. 
* t{oppe-Seyler,  ttandbuch  der  physiol,  und  pathol,  chemischen  Analyse, 
p. 448, 1893. 72  Secretion  and  Compositiou  of Human Bile 
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The  97  days over which our investigation  extended may be  sub- 
divided into 13 different periods. 
1st  period  ..........  3  days  ..........  no  medication. 
2nd  "  ..........  12  "  ..........  medication,  human  bile. 
3rd  "  ..........  4  "  ..........  no  medication. 
4th  "  ..........  7  "  ..........  medication,  salol. 
5th  "  ..........  2  "  ..........  no  medication. 
6th  "  ..........  7  "  .  .........  medication,  sublimate. 
7th  "  .  .........  5  "  ..........  no  medication. 
8th  "  ..........  7  "  .  .........  medication,  ox  bile. 
9th  "  ..........  5  "  .  .........  no  medication. 
10th  "  ..........  6  "  .  .........  medication,  Calomel. 
llth  "  ..........  18  "  .  .........  no  medication. 
12th  "  ..........  17  "  .  .........  medication,  bile  salts. 
13th  "  ..........  4  "  ..........  no  medication. 
97  days. 
After the first three days, when the normal flow of bile was observed, 
the patient began to take the pills made from her own bile.  On the 
first day, the 4th day in the curve (Plate IX), she took three pills alto- 
gether, one at 2 P. IV[., one at 8 P. !V[., and the third one at 8 o'clock 
the following morning.  The second day at the same hour two pills 
were given each time, making in all six pills in 24 hours; the 3rd day 
again  6  pills;  the  4th  day  3 x 3  pills;  then  3 x4~  3 x 5,  and  3 x 6 
pills  each  day.  On  the  8th,  9th,  10th  and  11th  day  the  patient 
was given at  2  P. ]YI. and  at  8  P. !V[. seven pills  each time;  and  at 
8  of the following morning always 6  pills,  so that the total amount 
of  pills  given  on  any  one  of these  four  days  was  .90, correspond- 
ing  to  500  cc.  of  fistulous  bile.  On  the  12th  day,  under  treat- 
ment with human bile--Jan.  36,  27--the patient had only 19  pills. 
On Jan. 37, at 8 A. N., she took the last pills of this sort. 
During this period of observation--twelve days of medication with 
fistulous bile---the  appetite  of the patient,  which was  already good, 
showed a decided improvement.  She objected no longer to eat butter 
and  other fatty food,  but  on  the  contrary--as the  nurse,  who  was 
ignorant  of  the  nature  of  the  medicine given,  reported--she  even 
asked fpr more butter.  The weight of the patient was,  on Jan.  15, 
the day bile was first given,  113½ ]bs,  a  fortnight before it was 113 Franz  Pfaff  and  Alfred W.  Balch  85 
lbs.  The  patient  was  always weighed in  a  night-shirt,  thin  calico 
wrapper, stockings, cloth slippers, and with a bottlo  the receiver for 
the bile.  Two days after the bile pills were discontinued the patient 
weighed 119 lbs,  a gain of 5½ lbs for a fortnight. 
The  faeces  continued  colored till  January  22.  The  bulk  of  the 
fs~ces was the same as before.  On the 23rd the patient had a smaller 
and softer movement of the bowels, with yellow color.  On January 
24th  and 25th the patient had soft stools with  brownish particles in 
it, which proved to be unabsorbed bile.  On the 26th the patient had 
no movement of the bowels, and on the morning of January 27th,  at 
the time when she took the last bile pills,  she had a  small hard stool 
of brownish yellow color. 
The  total  amount Qf bile  discharged through  the fistula rose  the 
first two days from 525  cc. to 545  and 586  cc., to fall again for the 
next two  days to  529  cc.  We  had here a  case similar to  Copeman 
and Winston's:  first a  decided rise  and  later,  in  spite  of continuing 
the medication, a  drop in the flow of the bile to the normal.  But as 
we increased the number of pills the flow of bile again increased and 
continued to do so, reading as highest mark 685 cc. on one day.  With 
the increase in quantity secreted we found a qualitative improvement, 
the bile becoming more concentrated.  The percentage of ash showed 
only a very slight gain during the whole time, as can be seen in the 
curve (Plate IX). 
In the third period of observation--no medication again--we see 
a  constant and rapid  decrease in  the flow of bile  for the four days. 
The  rapid  falling  off in  quantity  of bile  is  remarkable  after with- 
drawal of the bile  pills.  It  finds its  anMogy in the steady decrease 
of  bile  in  animals  after  establishing  a  biliary  fistula.  ]=[ere, too, 
reabsorption of bile from the intestine being impossible, the discharge 
from  the  biliary  fistula  diminishes  constantly  and  becomes  more 
diluted. 
In the case of our patient the quantity of bile decreased, and at the 
same time the quality became poorer, as fewer solids were contained in 
the secreted bile.  The very slight rise in  the  percentage of ash in 
the secreted bile under medication with bile decreased as soon as the 
medication was stopped. 86  Secretion and Composition of Human Bile 
On the first day of this period the patient passed a  small, slightly 
brownish colored, hard stool,  of a size much smaller than usual when 
under no medication whatever.  But the second day, after withdrawal 
of the bile pills, the patient passed again one of the excessively large 
and  clay-colored stools,  and  she passed  the  same  kind  of stools  the 
following days. 
On the fifth day, after discontinuing ttle b~e pills,  we began the 
fourth period, using satot as the medicament.  That time might not 
be lost,  we dM not wait till the flow of bile was again as high as normal. 
We  felt ourselves justified in beginning this  medication ~t  such an 
early period, concluding that if salol was to be regarded really as a 
eholagogue, the results must be so plainly marked that no doubt would 
exist about their interpretation. 
On the 20th day in the curve, that is from January 31  to Feb.  1, 
the patient took  1.2  grammes salol in four doses  of 0.3  each.  The 
drug was taken at 5 P. ~i., 1 A. ~£., 6.30 A. ~I. and 12 IV[.  The next 
three days she was given four times a day 0.6 salo].  On the last two 
days her urine assumed, on standing, the characteristic color of carbol 
urine,  and  the  medication was  therefore stopped.  The  patient  felt 
perfectly well during the seven days she was given salol.  Her weight 
had increased to  121  lbs  on February 7,  an increase of two pounds 
for the preceding two weeks. 
Looking over the curve (Plate IX) we see on the third day of this 
period a considerable rise in the quantity of bile secreted.  The quan- 
tity, which had dropped below normal, rose suddenly to normal, and 
even slightly above.  During the whole period of administration  of 
salol the biliary secretion remained slightly above normal.  The per- 
centage of solids  increased with the rise in quantity, but the increase 
is not so pronounced as  at the time the patient partook of the pills 
made  from her  own  bile.  The  percentage  of  bile  ash  under  salol 
showed a  slight decrease. 
Are the results obtained under salol medication to be looked upon 
as  the effect of  a  cholagogue action  of this  drug?  We  are  of  the 
opinion that these results are not so conclusive as to allow a  positive 
statement.  The  sudden rise  in  the  flow  of bile,  on  the  third  day, Franz  Pfaff and  Alfred W.  Balch  87 
could well have occurred normally, and is not necessarily to be attri- 
buted to the influence of salol.  Similar variations in the flow of bile 
will be found later in the curve, when the patient was not under the 
influence of any drug. 
The percentage of ash in the bile under the salol medication does 
not show any marked alteration as compared with the ash of so-called 
normal bile.  The percentage of solids in the bile secreted in the last 
days under  salol  shows  an  increase.  This  fact,  combined with  the 
slight  increase in  total  Tlantity  of  bile  secreted,  may speak  for a 
cholagogue  action  of  salol.  But  our  knowledge  of  the  normally 
occurring variations of all these factors is too limited to permit positive 
expressions based on the results obtained. 
Although we do not wish  to  express  a  positive  opinion  as to  the 
cholagogic or non-cholagogic effect of salol, we are of the opinion that 
our results at least prove one thing,  that is,  that bile secreted under 
salol is decidedly in the last four days of this period more concentrated 
than  any other sample of bile which we collected during the whole 
course  of  our  experiments,  with  the  exce~0tion  of  bile  secreted  the 
two  days after discontinuing salol  and  during  the  time  the  patient 
was taking either pills made from her own bile or ox bile or the mix- 
ture  of pure  biliary salts.  The  lauded action of salol  as  a  peculiar 
cholagogue  ~ which increases the flow of bile in quantity but  dimln- 
ishes  its  concentration,  is  decidedly,  according  to  our  results,  not 
warranted. 
The stools in the salol period did not show any difference from those 
passed when the patient was taking no medicine.  The size was char- 
acteristically large, they were clay-colored, but the smell did not seem 
so offensive tu us. 
On the 27th day of observation the salol was discontinued, and for 
the next two days the patient was given no medicine.  On the first 
day the flow of bile was even a  trifle larger than on any day of the 
salol  period.  On  the  second day the quantity of bile  secreted was 
slightly  le~  than  normal.  The  percentage  of  solids  was  on  both 
days even slightly higher than on any day under the salol medication. 
* Trait6 de M4decine.  Publi4 sous la direction de MM. Charcot, Bouchard, 
Brissaud.  Paris, 1892.  Tome iii  (A. Chauffard), pp.  681, 738. 88  Secretion  and  Composition  of Human Bile 
On February 9, the 29th in the curve, the patient began to take sub- 
limate in doses of 0.0015 gramme four times in 94 hours, that is to 
say at 2 P. M.,  8 P. M.,  2 A. M.  and 8 A.M.  This dosage of sub- 
limate was kept up for the following four days.  Afterwards the dose 
was increased to  0.003  four times a  day for two  days,  so  that  the 
patient  was  under  the  sublimate  treatment  seven  days  altogether. 
After the second day of sublimate treatment the patient complained of 
neuralgic pains in the teeth and jaws, which, ~thGut any treatment, 
disappeared the following day. 
During the time the patient was taking sublimate the flow of bile 
was,  if  anything,  slightly  less  than  normal.  The  slight  increase 
of solids  noticed in the salol period, and the two days following this 
time, had disappeared, and the percentage of solids became normal 
again.  The  percentage of  ash  remained practically  unaltered.  In 
the light of our reslflts, sublimate has absolutely no stimulating effect 
upon the liver secretion; if it influences this secretion to any extent, 
it may very slightly diminish the total quantity of bile secreted instead 
of increasing its flow. 
The patient was, when under the influence of sublimate, perfectly 
well,  with  the  exception  of  the  slight  neuralgic  pain  on  one  day. 
Her  appetite was,  as  usual,  perfect.  Her  bowels moved regularly. 
The stools were clay-colored, but did not smell so bad as during the 
periods without medication.  From February  16th until the 21st  of 
the same month, the 36th to the 40th day on the curve (Plate IX), 
the patient was again without any medicine.  The  total  amount of 
bile for six hours, from 2 A. l~. to 8 A. M. on the 37th day, was not 
to be determined, as the patient had upset during her sleep the receiv- 
ing  graduate,  leaving  only  enough in  it  to  determine the  specific 
gravity, the solids and the ash. 
The amount of bile secreted during this period does not show any 
characteristic variations.  It was,  if  anything, slightly greater  than 
during the time the patient was taking sublimate.  The percentage of 
solids  and ash was normal.  The weight of the patient on Feblmary 
20 was 123 lbs--a gain of 2 lbs for the fortnight--a total increase of 
9½ lbs from the beginning of our investigation. Franz  Pfaff  and  Alfred  W.  Balch  89 
On February 21,  the 41st day in the curve, we began to give her 
pills  made from ox bile,  fel bovis  inspissatus.  The  insplssated  bile 
was first dried to a powder, and, with the aid of a little glycerin, pills 
were made, each pill corresponding to 0.5 dried ox bile. 
On the first two days of this period she took three pills four times 
a day, corresponding to 6 grammes dried ox bile.  The next four days 
the number of pills was increased to 4 x 4 pills, and on the last day of 
this period the patient had four times five pills,  corresponding to  10 
grammes  dried  ox  bile.  During  the  whole period  the  patient  was 
in  excellent health.  There  was  no  nausea,  no  diarrhoea--appetite 
good.  The  action  o~  the  heart  showed  no  alteration  whate~er. 
Directly the first day that these pills were taken the flow of bile in- 
creased remarkably, from 521  cc.  the day before to  694  cc. for  24 
hours.  This increase took place during the last 18 hours of the day, 
as the flow for the first 6  hours was not  affected at  all.  With  the 
increase of bile pills  taken we observe a  steady increase in the flow 
of bile.  The  largest  quantity  of bile  was  secreted on  the  day the 
patient took the greatest amount of bile pills.  With th~ increase in 
the flow of bile  the percentage of solids  also rose.  The  amount of 
bile s~lids in the biliary secretion in  our patient,  being  1.6-1.7  per 
cent when under no medication, rose the second day under ox bile to 
2.5  per cent,  and remained about as high  during the whole period. 
The percentage of ash of the bile secreted rose only slightly as com- 
pared with the bile of normal flow. 
In spite of the comparatively large amount o~ bile given, the patient 
had during this period no loose movements of the bowels, whereas she 
did have, when taking her own bile, loose stools for two days.  On the 
first two days the patient passed the ordinary very large clay-colored 
stools.  On the third day the fseces were of a yellowish color, and ou 
the fifth day they assumed a  brownish  color.  During the time the 
patient was without bile the stools came in a  large mass, which was 
almost a  perfect cast of the rectum; but when under bile treatment 
the quantity of fseces diminished, and they appeared as small broom 
balls. 
At the end of the 47th  day the bile  pills  were stopped.  During 90  Secretion  and Composition of Huma~ Bile 
the first 12 hours of the following day the patient still passed the same 
large amount of bile as when taking the bile pills, the secretion being 
very concentrated at the same time.  From the 12th to the 18th hour 
of this  day the secretion began  to  diminish,  and  during the last  six 
hours  of this  day a  decided decrease was  unmistakable.  With  the 
diminution in the quantity a decrease in quality took place at the same 
time, as can be seen by the lower specific gravity.  The quantity of bile 
which was secreted the last day under ox bile,  being 770  cc., fell in 
the next 24 hours to 646 cc., and on the following day to 402  cc., the 
lowest quantity e~er secreted during the whole time of our  observa- 
tion.  On the third day after discontinuing the bile pills the secretion 
again rose to 496 cc., and then re~nained at about the same height the 
following days. 
The  first  two  days  after  the  bile  pills  were  stopped  the  f~eces 
remained about the same in  size  and color as in the last days of the 
bile medication.  On the third day very large and clay-colored stools 
were again passed,  The  difference in  the  size  of  the  stools  was  so 
apparent that on seeing them one could tell whether the patient was 
taking bile pills or not. 
For  five  days  altogether,  after  withdrawal  of  the  bile  pills,  the 
patient was without any medicine.  On the fifth day of this  period 
the bile of six hours was again spilled, so that the total quantity could 
not be ascertained; only the specific gravity, the solids  and ash.  But 
comparing in  our table  the results  obtained for the different 6-hour 
periods of the last day with the corresponding periods of the previous 
day~ the flow of bile had resumed again its normal condition, and we 
began to try the action of another supposed cholagogue, namely, calo- 
mel.  The  weight of the  patient  had  increased in  the  meantime to 
1~6 lbs, a gain of 3 lbs for the fortnight. 
On the 53rd day in the curve (Plate IX),  Cth-5th  of 1Vfarch, the 
patient  was  given three  times  0.03  gramme  calomel  in  pills.  The 
54th  day 4  times the same amount; the 55th  day this was increased 
to  5  times, then to  6  and  7  times per day.  On the  6th  day under 
calomel she  was  given  only 4  times  0.03  calomel.  The  medication 
was stopped,  as the patient  complained of soreness of the  g~lms and Franz  Pfaff  and  Alfred W.  Balch  91 
salivation,  showing that mercury was absorbed in  sufficient quantity. 
The  feeces pas~ed  during this  period--there  was  no  aperient,  effect 
whatever of the mercury--were £or the fn~t 4  days of the character- 
istic  large size  and  clay-colored.  On  the  5th  day the color turned 
into greenish yellow, and on the 6th day they were brownish, covered 
with  mucus  and  some  drops  of blo~d.  With  the  exception  of  the 
complaints of the last day in this period the patient was perfectly well. 
The flow of bile eluding the six days when calomel was administered 
shows, if anything can be  inferred ~om such slight variations,  that 
calomel  decreased this  secretion rather than  incr~sed it,  Calomel, 
like sublimate,  has  no  cholagogue effect.  The percentage  of s~lids  ~ 
and  ash  in  the  bile  collected  during  calomel  medication  shows  no 
difference from so-called normal bile. 
We gave our patient calomel in small doses and not in large quan- 
tities as used sometimes by physicians when they wish to  obtain the 
cholagogue action of this drug.  That large doses of calomel have no 
cholagogue effect on a human subject with biliary fistula has already 
been demonstrated by Westphalen and Mayo Robson on their patients, 
and we did not see the necessity of repeating these experiments on 
our patient  We could dispense more easily with such experiments, 
as calomel, if not acting as a cholagogue in smaller doses given repeat- 
edly, would decidedly be of less  value for such purposes when given 
in quantities exhibiting an aperient effect. 
The theory which has been advanced that calomel acts as a  chola- 
gogue by removing a small obstacle, such as mucous plugs, from the 
common duct need not be considered here, as such a  supposed action 
would  have  nothing  to  do  with  a  genuine cholagogue effect of the 
drug. 
From the 59th day in the curve (Plate IX) until the 76th day the 
patient  was given no medicine whatever.  During the first days the 
patient still complained about soreness of the gums and passed f~eces 
with some fresh and some old blood  adherent.  There  was  no  diar- 
rhoea,  and  her  appetite  was  good.  The  bile  secreted  during  th~is 
period did not show much variation frown the normal flow.  For about 
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so that for the last six days of this period it  averaged 518.5  ec.  per 
day, practically the same as during the first three days at the begin- 
ning of our observation, when it was 514.3  cc.  per day.  During the 
last six days in this period the f~eces did not contain any trace of blood, 
and were again  clay-colored and  of the large size noticed when the 
patient  was  taking  no  medicine.  During  the  first  six  days  of  this 
period the size o2 the brownish 2~eces was smaller than usual when the 
patient was without medicine.  The brownish color during this time 
is  easily explained by the presence o2 blood in the f~ces.  Can the 
smaller size have been due to stimulation of the intestine by calomel~ 
and consequently increased metabolism? 
Considering the patient entirely recovered from the effects o2 calo- 
reel,  there  being  no  soreness  of  the  gums,  we began  giving  her  a 
mixture of pure salts of glycoeholic and tanrocholic acid.  The patient 
took  the first  day two  pills  twice,  each  containing  0.25  gramme  of 
bile  salts.  The quantity of bile secreted rose  for the corresponding 
24 hours to 701  cc.  from 533  cc. the day before.  The bile secreted 
during-the first six hours of this day did not show any difference as 
compared with the bile secreted during the corresponding time of the 
previous day.  In the second six hours  the flow o2 bile was already 
much increased, the specific gravity was higher and the color a  dark 
green.  Qualitative  examination of this  bile showed a  large  amount 
o~ albumin present.  The same result was 2ound in the bile secretecl 
the following twelve hours.  As  the  patient  ~elt perfectly well and 
the fistula did not show any change, the presence of the large amount 
o2 albumin in the bile could not be accounted 2or otherwise than by 
the assumption that the amount of bile salts given at a  time was too 
large,  or  that  the  absorption  was  too  rapid.  The  single  dose  was 
therefore reduced to one pill, whereas the total dose per diem  was not 
reduced, the patient taking every six hours one pill.  On the follow- 
ing day the quantity of bile was somewhat reduced, as also the amount 
of albumin in it.  On the 4th day of this period the biHary secretion 
showed only a  trace of albumin,  which was always present,  and was 
probably the result  of the wound.  But  in  spite  o2 this  we  did  not 
increase the amount of bile salts until the beginning of the 11th day~ Franz  Pfaff  and  Alfred W.  Balch  93 
so that the patient had, from the 76th day until the end of the 86th day 
in the curve, only one gramme of bile salts each day.  From the 87th 
to the 98rd day the patient was given every day one more pill of the 
bile salts, so that she had on the 87th day 5 pills, on the 88th 6 pills, 
on the 89th 7 pills, on the 90th 8 pills, on the 91st 9 pills, on the 9~nd 
10 pills, and on the 98rd day 11 pills.  One pill was always given at 
a  time,  intervals  of at  least  one hour intervening.  Even  with  this 
increased amount of bile  salts  the secretion did not  show any more 
albumin.  The patient felt perfectly well the whole time. 
If we try to explain the results obtained in this period we must of 
course leave out, in our consideration, the results obtained for the first 
three days, when the quantity of bile discharged was very high, but 
contained a large amount of albumin. 
As we see on the curve (Plate IX) the quantity of bile  secreted, 
when the patient was taking bile salts, was also considerably increased. 
As long as the patient was taking only one gramme of bile salts per 
day the increase in the daily quantity was not so marked, and the per- 
centage of bile solids did not increase.  As soon as the quantity of bile 
salts given was increased the percentage of bile solids was proportion- 
ately increased, and the quantity of the bile also rose.  On the day the 
patient  was  taking  the  largest  number  of  bile-salt  pills  the biliary 
secretion was the greatest ever seen in  our patient,  rising to  787  cc. 
The percentage of solids in the secretion did not reach such  a  high 
point  as  under the treatment with  ox  bile.  The  percentage of ash 
in the period of bile salts  was less than in  the time the patient was 
taking pills made either from her own bile or from ox bile. 
The f~eces passed  during  the whole period  of  bile  salts,  with  the 
exception  of the  movement of the  last  day  of  this  time,  had  been 
typically clay-colored and did not seem to be influenced in the least 
by the bile salts.  Only on the last day the patient had a  movement 
of brownish fmces formed into  smaller balls,  such as  were observed 
when she was taking a larger amount (~f pills made from dried bile. 
The  most  probable  explanation  of  the  results  obtained  with  bile 
salts is that they are probably the substances in the bile which have the 
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they aro for the most part absorbed in the upper part of the digestive 
tract--stomach  (!)  and  small  intestines--and  so  reaching  the  liver 
quickly,  may  stimulate  this  organ  more  powerfully  than  dried  bile 
would do.  This stimulation may lead even to a pathological secretion 
of the liver,  as shown by the presence of a  large  amount  of albumin 
in  the  secretion  of the  i]rst  days,  when  patient  was  taking  the  pills 
mado  from  bile  salts.  This  over-stimulation  can  be avoided if  bile 
salts  are  given  in  repeated  ~maller  doses.  That  dried  bile,  even  in 
larger quantities,  has not this undesirable  effect may be explained by 
the circumstance that  on account of the  mucin,  etc.,  present,  a  reab- 
sorption  of these  pills  is  not so quickly accomplished,  and  therefore 
the  action  is  more delayed and  gradual.  If this  explanation  should 
be the  right  one,  pure  bile  salts,  if given  in  a  vehicle  which  delays 
absorption,  such  as  a  mucilaginous  mixture,  may  prove  in  action 
identical with dried bile. 
At ~  o'clock P. M.  of the  93rd day the  patient  was given the  last 
pill  of  bile  salts.  The  bi]iary  secretion  in  the  following  six  hours 
amounted  to  "246 cc.,  the  highest  quantity  observed  during  any  six 
hours while the  patient  was under  our observation.  Afterwards  the 
secretion began to decrease rapidly,  so that  at the end of the  first 24 
hours after withdrawal  of the bile  salts the  total  secretion  amounted 
to  634 cc.,  as against  787 cc.  the previous 24 hours.  On the second 
day the  amount  fell to  53~2 cc.  for 24  hours,  and  the  following two 
days  was  535  cc.  and  524  cc.  With  the  decrease  in  the  secretion 
we observe, just as after the  period when  the patient  was taking  the 
pills  made  from her  own bile,  a  rapid  diminution  in  the  percentage 
of solids, whereas the percentage  of ash was not altered.  In the  last 
three  days of our observation, the patient  being under no medication 
whatever, just as in  the first three  days,  the  average  amount  of bile 
secreted per 24 hours amounted  to 530 cc., whereas in the first three 
days  of  our  observation,  three  months  previously,  the  average  was 
514.3 cc. bile per day.  The percentage  of solids and  ash was at both 
times also practically the same. 
On  the  second  day  after  the  pills  of  bile  salts  were  stopped  the 
patient had a movement o£ the bowels of which one part was identical Franz  Pfaff  and' Alfred  W.  Balch  95 
with the one passed on the last day when taking bile salts; that is to 
say,  the  feeces were  brownish  colored and  formed into  small  balls. 
The  other half of the same movement was clay-colored and  of  the 
usual large size.  On the 96th  and 97th  day of our observation  the 
patient passed again exactly the same kind of large clay-colored stools 
as in the beginning, the only difference being that the odor at the end 
was not so offensive. 
The patient's weight, which was 113½ lbs in January, had increased 
to  127½ lbs,  a  gain  of 14  lbs  in  97  days.  Her general health was 
very good,  and  she  left  the  hospital,*  a  few  hours  after  the  last 
amount of bile  was  collected, in  the  best  of spirits,  in  spite  of the 
inconvenience of a  biliary fistula. 
If we review the results  of our experiments we must say that  of 
the drugs investigated we got only a decided increase in the quantity 
of bile, and at the same time a higher percentage of solids,  with human 
bile, with ox bile, and with the mixture of pure bile salts.  The results 
with salol are not decisive.  The quantity of bile discharged through 
the fistula when the patient was taking salol did not vary so much from 
the normal that we could be sure that the effect was due to the action 
of the drug:  Nevertheless the percentage 9f bile solids  under salol 
treatment showed  an  increase when  compared  with  bile  of  normal 
~OW. 
Under corrosive sublimate or calomel treatment the quantity of bile 
discharged  through  the  fistula  was,  if  anything,  less  than  normal, 
whereas the percentage of solids did not vary from the normal. 
The  results  obtained  with  bile  or its  characteristic salts  show  an 
increase in the quantity of bile and a higher percentage of its solids. 
This  does  not  prove  that  this  increase in  the  percentage  of  solids 
is due to an absolute increase of characteristic bile constituents.  To 
see whether the characteristic bile salts had increased with the quan- 
tity of bile, a quantitative estimation had to be made. 
* Since leaving the hospital the patient has  come to  the laboratory every 
two weeks regularly.  She has  felt perfectly well during  the  summer with 
the  exception of several supposed malarial attacks.  Her weight, which  had 
increased the first week to 128½  lbs, dropped to 125  lbs during her malarial 
attacks.  Her weight during the last  four weeks was 130  lbs,  it  now being 
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We determined the quantity of glycoeholic and taurocholic acid in 
bile  collected during  different periods.*  The  methods  of  quantita- 
tive  estimation  of biliary  salts  are  not  absolutely  accurate,  but  the 
estimations  are  sufficiently reliable  to  permit  conclusions  when  the 
results obtained show a  marked difference in the percentage of these 
salts.  In the mixture of pure bile salts obtained by the quantitative 
estimation, we determined the quantity of sulphur so as to be able to 
see how much taurocholic acid and how much glycocholic acid were 
present. 
But as the quantitative estimation of bile salts in bile does not give 
absolutely reliable results (the precipitated mixture of bile salts is not 
chemically pure,  and  therefore the quantity  of sulphur  varies),  we 
estimated the sulphur also directly in the dried bile of different periods 
to  determine more accurately the amount of taurocholic acid. 
The only other chemical substances in our bile containing sulphur 
were sulphates, which were so small in amount that they practically 
could not be estimated. 
The  method  of  estimation  of  the  bile  salts  was  as  follows:  Bile 
dried to constant weight at 110 °  C. was treated with boiling absolute 
alcohol  (Squibb's)  to  exhaustion,  that  is  to  say  until  a  cooled  and 
filtered  portion  of  the  alcoholic  solution  gave  no  precipitate  with 
absolute  ether  (Squibb's).  The  combined  alcoholic  solutions  were 
allowed to stand for 24 to 48  hours, depositing a small quantity of a 
fine amorphous substance.  They were afterwards filtered, evaporated 
and dried at 110 ° C., and then taken up with a small quantity of abso- 
lute  alcohol,  a  slight residue remaining.  The  alcoholic solution  was 
evaporated to  a  smaller  bulk,  cooled  and  precipitated  with  a  large 
* Owing to the fault of the laboratory attendant the solid residues of the 
bile excreted by the patient under salol and  corrosive sublimate have been 
mislaid, and in these cases, therefore, a  quantitative estimation of the bile 
salts has been impossible. 
j- O. ttammarsten's " Zur Kenntniss der Lebergalle des ~Iensehen" (loc. cir.) 
was not known to me (F. P.) until I  had sent this article for publication.  We 
therefore  did  not  test  the  bile  of  our  patient  for  ttammarsten's  ether- 
sulphonic acid.  We have since, with the bile salts of tlve different periods, 
which remained at  our  disposal, tried J=Iammarsten's process for  ether-sul- 
phonic acid and found it to be entirely absent. Franz  Pfaff  and  Alfred  W.  Balch  97 
excess of absolute ether.  The Meohollc-ethereal s~lutkm was allowed to 
stand over night and the supernatant liquid decanted.  The residuc 
the bile salts--were washed with ether dried at 110 °  C.  and weighed. 
The  bile  collected  each  day,  with  the  exception  of  the  quantity 
necessary for the quan~tative  estimation of solids and  ash, was evapo- 
rated on the water-bath,  and the residues of the different days belong- 
ing to one period were thoroughly mixed together and this mixed bile 
residue analyzed.  In the following we give the results o5 the analyses 
of bile residue of different periods. 
I.  Analyses of bile residue from the first period, January 12-13 to 14-15, 
when the patient  was under no medication: 
1)  5.0000  bile  residue  gave  1.2328  bile  salts  _~ 24.66%  bile  salts. 
2)  4.9700  "  "  "  1.2335  "  ~.~ 24.83  " 
3)  3.4022  "  "  "  0.7322  "  ~_~ 21.52  " 
Estimation  of sulphur in the bile salts obtained in analysis: 
1)  Taken  0.3317  bile  salts  gave  0.0221  BaSO4 ~_-0.91%  S. 
2)  "  1.0240  "  "  0.0723  "  ~  0.97  " 
Estimation  of sulphnr  contained  in  dried  bile: 
a)  1.6698  bile  gave  0.0480  BaSO~ ~_~ 0.39%  S. 
b)  1.5920  "  '~  0.0447  "  :  0.39  " 
Calculated  (mean  of  the  two  sulphur  estimations  in  bile),  taurocholate  of 
sodium  _.~ 6.57%. 
II.  Analyses  of bile  residue  when  patient  was  taking  pills  made  from 
her own bile.  Period II, January 15-16 to January 26-27: 
1)  3.8205  bile  residue  gave  0.9505  bile  salts  :  24.88%  bile  salts. 
2)  4.6058  "  "  "  1.0507  "  _~ 22.80  " 
Estimation  of sulphur  contained  in  dried  bile: 
a)  4.5993  bile  gave  0.1751  BaSO4 ~_~ 0.52%  S. 
b)  5.0142  "  "  0.1915  "  ~  0.52  " 
Calculated  (mean  of  the  two  sulphur  estimations  in  bile),  taurocholate  of 
sodium  :  8.78%. 
III.  Analyses  of  bile  residue  when  the  patient  was  taking  pills  made 
from ox bile.  February 21-22 to February 27-28: 
1)  5.0463  bile  gave  2.2249  bile  salts ~__ 44.09%  bile  salts. 
2)  4.4559  "  "  1.9796  "  ~__ 44.43  " 
3)  3.4123  "  "  1.5864  "  ~__ 46.49  " 
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Estimation of sulphur in the bile salts obtained in analysis: 
1)  Taken  1.8815  bile  salts  gave  0.2818  BaSO,  ~  2.06%  S. 
Estimation of sulphur  contained in  dried  bile: 
a)  3.2157  bile  gave  0.2855  BaSO~  ~  1.22%  S. 
b)  2.6966  "  "  0.2382  "  ~  1.21  " 
e)  3.5682  "  "  0.3397  "  ~  1.31  " 
Calculated  (mea!~  of  the  three  sulphur  estimations  in  bile),  taurocholate 
of  sodiuul  ~  20.91%. 
IV.  Analyses  of  bile  residue  when  the  patient  was  taking  calomel. 
March 4-5 to March 9-10: 
1)  5.0000 bile  gave  1.2718  bile  salts  ~_~ 25.44%  bile  salts. 
2)  2.4985  ....  0.6069  "  ~  24.29  " 
Estimation of sulphur in the bile salts obtained in analysis: 
1)  Taken  0.8416  bile  salts  gave  0.058  BaSO4  ~  0.95%  S. 
2)  "  0.6039  ....  0.0369  "  ~  0.84  " 
Estimation of sulphur  contained in  dried  bile: 
a)  2.3815  bile  gave  0.1075  BaSO,  ~  0.62%  S. 
b)  1.8018  ....  0.0623  "  ~  0.48  " 
Calculated  (mean  of  the  two  sulphur  estimations  in  bile),  taurocholate  of 
sodium  ~.~ 9.18%. 
V.  Analyses of bile  residue when the  patient  was  taking no  medicine, 
eight days after  calomel had  been  discontinued.  March  ]8-19  to 
5,[arch  27-28: 
1)  5.0000  bile  residue  gave  1.1087 bile  salts---~ 22.17%  bile  salts. 
2)  5.6835  .....  '  1.3821  "  ~  24.32  " 
Estimation of sulphur in the bile salts obtained in analysis: 
1)  Taken  0.3420  bile  salts  gave  0.0235  BaSO~ ~  0.94%  S. 
2)  "  0.9090  "  "  0.0605  "  ---~ 0.91  " 
Estimation of sulphur contained in  dried bile: 
a)  2.5098  bile  gave  0.0748  BaSO~  ~_ 0.41%  S. 
b)  1.5690  "  "  0.0462  "  ~  0.40  " 
Calculated  (mean  of  the  two  sulphur  estimations  in  bile),  taurocbolate  of 
sodium  ~  6.82%. 
VI.  Analyses of bile residue when patient  was  taking  pills  made  from 
the  mixture  of glycocholate and  taurocholate  of  sodium.  April 
5-6  to April  14-15.  The bile  residue of the first  eight days of Franz  Pfaff and  Alfred  W.  Baleh  99 
this period was not analyzed, as the excretion showed for the first 
three days a large amount of albumin; 
1).  4.6182 bile  residue  gave  1.5297  bile  salts  ___ 33.12%  bile  salts. 
2)  8.0675  "  "  "  2.8519  "  ~  35.35  " 
3)  10.1160  "  "  "  3.5482  "  ~  35.08  " 
Estimation of sulphur in the bile  salts obtained in analysis: 
1)  Taken  1.1682  bile  salts  gave  0.2247  BaSO~  ~.~ 2.64%  S. 
Estimation of sulphur contained in dried bile: 
a)  4.0970  bile  gave  0.2988  ]3aSO4 ~_-1.00%  S. 
b)  3.5310  "  "  0.2925  "  ~__ 1.14  " 
c)  3.7725  "  "  0.2931  "  ~  1.07  " 
Calculated  (mean  of  the  three  sulphur  estimations  in  bile),  taurocholate 
of sodium  _~  17.92%. 
We append here the analyses of the dried ox bile and of the mix- 
ture of bile salts from which pills were made for the patient. 
Analyses of dried ox bile.  This sample was used to make the pills  of 
dried ox bile: 
1)  2.8058  ox  bile  gave  0.3218  ash  ~  11.11%  ash, 
2)  3.3381  "  "  0.3857  "  :  11.55  " 
1)  4.8449  ox  bile  gave  4.0466 bile  salts  ~__ 83.52~  bile  salts. 
2)  2.5914  "  "  2.1278  "  ~__ 82.11  " 
Estimation of sulphur in the bile salts obtained in analysis: 
1)  Taken  1.1765 bile  salts  gave  0.2702 BaSO4  :  3.15%  S. 
Estimation of sulphur contained in dried ox bile: 
a)  6.2205  ox  bile  gave  1.1108  BaSO~ =  2.45%  S. 
b)  3.0900  "  "  0.6302  "  ~_~ 2.80  " 
c)  3.0390  ....  0.5882  "  =  2.66  " 
d)  3.6515  ....  0.6794  "  :  2.56  " 
Calculated  (mean  of  the  four  sulphur  estimations  in  ox  bile),  taurocholate 
of  sodium  ~_~  43.92  %. 
Analyses of the bile salts prepared  from ox bile: 
1)  0.9160  bile  salts  gave  0.2829  BaSO4  _~_ 4.24%  S. 
2)  0.9803  ....  0.3039  "  ~  4.26  " 
Calculated  (mean  of  the  ~  ....  sulphur  estimations),  taurocholate  of  sodium 
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In Table III will be found the results  of the  analyses  of the  bile 
residues  of  different  periods.  The  percentage  of  tanrocholate  of 
sodium  is  calculated  from  the  quantitative  estimation  of  sulphur  in 
the dried bile, and not from the sulphur determined in the mixture  of 
bile salts obtained in their  quantitative  estimation.  We do not give 
the  glycocholate  of  sodium  in  percentage  (to  be  calculated  by  sub- 
traction  of taurocholate  from the  total quantity  of bile salts),  but we 
wish it to be understood that we do not lay any special stress on tanro- 
chelate  alone. 
TABLE  IIL 
Taurocho- 
Bile residue contains  Bile saltsin per cent.  l~Iean,  late  sodium ln 
per cent. 
24.66  24.83  21.52  23.67  6.57  Period  I.  No medication. 
Period  XI.  No  medication  (after] 
calomel  discontinued)  .,.  .....  J  24.32  22.17 
Period  II.  Medication  (pills  from! 
human  bile) ..................  i  24.88  22.80 
Period  X.  Medication  (calomel)  . .]  25.44  24.29 
Period  XII.  Medication  (bile salts)l  33.12  35.35  35.08 
Period  VII  Medication  (ox bile).  I  44.09  44.43  46.49 
I 
23.25 
23.84 
24.86 
34.52 
45.00 
6.82 
8.78 
9.18 
17.92 
20.91 
The  quantity  of bile  salts  in  the  bile  residue  collected  during  the 
first period of our observation, when the patient  was taking  no medi- 
cine, was on the average 23.67 per cent.  The quantity of tanrocholate 
of sodium in it  amounted to  6.57  per cent.  The  bile residue in  the 
eleventh period, that is, over two months later, when the patient  was 
again under no medication, contained the same percentage of bile salts 
(23.25  per  cent)  with  the  same  amount  of  taurocholate  of  sodium 
(6.83  per  cent).  The  quantity  of ~bile secreted  at  both  periods  was 
also  practically  the  same,  as  also  the  percentage  of  solids.  In  the 
period of medication with human bile, the bile residue contained also 
33.84 per cent of bile salts, but these were made up by 8.78 per cent 
taurocholate  of  sodium  as  corresponding  to  6.57  and  6.82  per  cent 
found  in  so-called  normal  bile.  The  percentage  of  bile  salts  was 
therefore  seemingly  not  influenced  by  the  medication  with  human 
bile.  ttow far this result was influenced by the fact that  on the two 
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the  patient  was  having  loose  stools  and  was  losing  unabsorbed  bile 
with the f~eees, cannot  be stated.  The  increase in  the percentage  of 
taurocholate of sodium in the bile residue, when the patient was taking 
pills made from her own bile, is curious,  and we fail to find a  proper 
explanation of it.  Of course we must not forget that we do not know 
anything of the normally occurring variations in the relation of glyco- 
eholic and tauroeholic acid in bile, and that such a difference as found 
above may be a normally occurring variation. 
In spite  of the fact that  the  percentage  of bile salts  in  the  biliary 
residue of this period showed no rise, the total amount of bile salts in 
this  period is a much larger  one than  in the period when the patient 
was  taking  no  medicine  or  even  when  taking  calomel.  The  total 
amount is much larger  on account of the higher  percentage  of solids 
found in the bile when the patient was taking pills made from her own 
bile and because of the larger quantity of bile secreted in this period. 
We got not only more bile discharged  per day,  but at the same time 
the  percentage  of biliary solids was higher,  and  as the  percentage  of 
bile  salts  remained  the  same,  this  gives  an  increase  in  the  absolute 
quantity  of bile salts  £rom  two sources.  Or  in  other  words,  human 
bile given internally increased the quantity of bile discharged through 
the  fistula,  and  the  absolute  amount  of bile  salts  was relatively  and 
absolutely increased at the same time. 
The  residue  of  the  bile  collected  under  medication  with  calomel 
showed 24.86 per cent of bile salts, of which 9.18 per cent were tauro- 
cholate  of  sodium.  This  would  mean  an  increase  of  about  1  per 
cent  of bile  salts  in  the  residue.  But  on  account  of the  inaccuracy 
of quantitative estimation of bile salts, we cannot lay much stress upon 
this small increase in the percentage.  The estimation of taurocholate 
of sodium by direct  determination  of sulphur  in  the bile  residue be- 
ing nearly absolutely correct, gave, as already stated,  9.18 per cent of 
taurocholate  of sodium,  that  is,  an increase  of more than  2  per cent 
over that  found in the  bile residue  of so-called  normal  bile.  In  the 
absence of any real knowledge of the normal composition of bile and 
of its normal variations,  a  satisfactory interpretation  of these facts is 
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factory surmises.  One view that might be  taken is  that calomel in- 
fluences  the  metabolism  directly,  and  thus  the  composition  of  bile 
indirectly.  As we have seen,  the  quanti  W of bile when the patient 
was taking calomel did not increase, nor was there an increase in the 
percentage of solids.  The slight increase of 1 per cent in the amount 
of  bile  salts  may,  on  account  of  the  inaccuracy of  the  quantitative 
estimation of bile salts, be oMy apparent and not actual; but even if 
this  increase  in the  percentage  of  bile  salts  were  positive,  the  total 
amount of bile salts secreted under calomel would not be increased, as 
with the same percentage of solids  the quantity of bile  discharged in 
the time units was rather less than normal when the patient was taking 
calomel.  There  is,  therefore,  no  real  cholagogue effect to  be  attri- 
buted to calomel, and we think that the curious change in the propor- 
tion of taurocholate of sodium is  best explained for the present by a 
direct action of calomel on metabolism. 
The results obtained when the patient was taking pills made from 
bile salts or from dried bile are so striking that their interpretation is 
an easy one.  In both periods we got, as will be remembered, a large 
increase in the  quantity of bile secreted  and  an  increase in the  per- 
centage  of  solids.  The  bile  residue  under  treatment  with  biliary 
salts  showed  34:.52 per  cent  of  bile  salts,  of  which  17.9"2 per  cent 
was tauroeholate of sodium, whereas the bile residue under the treat- 
ment with dried bile gave 45 per cent of bile salts, of which 20.91 per 
cent was tauroeholate of sodium.  The bile residue of so-called  normal 
bile had only "23.67 ("23."25) per cent bile salts,  of which 6.57  (6.8"2) 
per  cent was taurocholate of sodium.  We had therefore in the  two 
periods in which the  patient was  taking pills made  either from  bile 
salts  or  from dried ox  bile,  not only much more bile  with a  higher 
percentage of solids, but also the bile residue contained a nmeh higher 
percentage  of bile salts.  The  characteristic salts  in  the  bile residue 
under treatment with dried ox bile nearly doubled in percentage.  The 
much larger increase of bile salts in the bile residue when the patient 
was taking pills  made from dried  ox bile is  to  be  accounted  for by 
the absolutely larger quantity of bile salts taken by the patient when 
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salts taken when she was given pills made from bile salts.  The differ- 
ence in the propoi'tion  of taurocholate  of sodium to the  total amount 
of bile salts found in the bile residue of these two periods is also easily 
explained by the difference in the proportion of taurocholate of sodium 
in the different pills.  The pills of bile salts contained relatively more 
taurocholic  acid than  the  pills made from dried ox bile,  and the bile 
residue in  the bile salt  period contained  relatively more taurocholate 
than in the period when the patient was taking pills made from dried 
ox bile. 
The quantitative  estimation of bile salts in the bile residue of these 
two  periods  established  with  absolute  certainty  the  fact  that  the  in- 
crease  in  the  percentage  of  solids  of  the  bile  secreted  during  these 
times  was  due  to  an  increase  of  characteristic  bile  salts  in  the  bile. 
There  can no  longer be any doubt that  bile  or  its  characteristic  bile 
salts, after absorption, increase the quantity of bile secreted,  and  also 
the relative and  absolute amount of characteristic  bile salts contained 
in this secretion. 
In  the  description  of  the  different  periods  we  have  mentioned  a 
change  in  the  size  and  the  color of ~he  f~eces when  the  patient  was 
taking  dried  bile.  That  the  large  size of the  stools  was  due  to  the 
large  amount  of  unabsorbed  fat  which  they  contained  was  evident. 
The  smaller  size  of the  stools  when  the  patient  partook  of  a  larger 
amount of bile pills was probably due to a decrease of fatty substances 
present.  To  study  this  question,  exact  determination  of  the  meta- 
bolism  of  our  patient  would  have  been  necessary.  But  during  the 
time the patient was in the hospital the possibility of such a  research 
was  not  given.  ~everthe]ess  we  analyzed  the  dried  f~eces  of  the 
patient  on  17  different  days  scattered  over different  periods.  The 
results obtained speak in favor of the above supposition,  as we found 
differences in the percentage  of fat varying between 68.30  and  43.37 
per cent of the dried  fmces.  We do not publish  the results  of these 
17  analyses,  as  they  cannot  prove  accurately  the  influence  of  bile 
given per  os  on  digestion,  as  we  did  not  know  the  amount  of  food 
taken.  We hope  in  the  near  future  to  publish  results  of the  study 
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In concluding this communication we wish to make a  few remarks 
as to the form and the therapeutical application of ox bile.  From the 
results of our investigation it seems  best to use the  crude ox bile, fel 
bovis insp.,  and to make the dried substance  into pills.  The purified 
ox bile could easily act  as pure bile salts  did in  the beginning  of the 
bile.salt period. 
The  continued  influence  of  bile  on  the  digestive  process  in  the 
stomach is not known--]abora.tovy experiments with artificial digestion 
cannot be relied upon, as they do not imitate  natural conditions--and 
it seems to us to be wise, therefore, to use salol as a coating for ox bile 
pills  so  as  to  prevent  any  continued  action  of  bile  already  in  the 
stomach. 
The  quantity  of  ox  bile  to  be  used  for  medicinal  purposes  need 
of  course  generally not  be  so  large  as  in  our  experiments  where  no 
bile whatever reached the duodenum by the natural  way.  The prac- 
tical experience which  one of us had  in the  last  seven months  seems 
to  show  that  0.25  gramme  dried  ox bile  made up  into  a  pill  is  of a 
convenient  size.  Two  such  pills  given  three  times  a  day,  or  at  the 
most  five  such  pil,ls  three  times  a  day,  seemed  to  be  the  quantity 
required  for  practical  purposes.  To  begin  with  a  small  number  of 
pills,  and  if  necessary  to  increase  the  number  gradually,  and  then 
regulate  the  amount  to  be  taken  according  to  their  effect,  seems  to 
work well. 
The  rational  indication  for the  uses  of ox bile  is  of course not  to 
be  given  at  present,  as  our  knowledge  of  the  uses  of  bile  in  the 
economy is  only scanty,  and  still  less  well  understood  are  the  cases 
where bile is wanting. 
For the  present we  will  only say that  bile  may be useful in  those 
cases  whe~e  so-called  cholagogues  are  now  prescribed  as  well  as  in 
certain cases  of constipation  and  possibly in  cases where  we  wish  to 
increase  absorption  of fat.  Further  clinical  experience is  necessary 
to settle these questions and to determine the propeT place which bile 
should hold in therapeutics.* 
* Bile  was used,  and  highly  valued  therapeutically,  centuries  ago.  Boer- 
haave relates having used, with marked success, the gall  of the eel and  also 
that  of  the  pike.  Charles  Clay,  a  physician  in  Manchester.  England,  pub- Franz  Pfaff  and  Alfred  W.  Balch  105 
lished  a  paper  " On  the  Exhibition  of  Inspissated  Ox  Gall  in  Various 
Diseases "  (The. Med~co-C~rurgical  Review  and  Journa$  of  Practiva~  Medicine~ 
London,  1842,  p.  278).  The above  statement regarding Boerhaave is  quoted 
from  this.  Clay  was  led  to  try  bile  as  a  medicinal  agent  by  a  remark 
of Dr.  Peacock  (Lancet,  vol.  i,  1836-]837,  p.  398),  that  the  pains in  cancerous 
breasts were  greatly alleviated when the system exhibited an accumulation 
of  bile  (jaundice  and  white  stools).  Clay  therefore  tried  ox  gall  in  can- 
cerous  breasts,  but with varying results.  But  he  relates very  good  results 
with  ox  bile,  in  cases  of  constipation,  especially  constipation  due  to  lead 
poisoning. 
Later on, bile as a  medicine fell into disuse.  During the last decade a  few 
other papers relating to the medicinal value of bile have been published, but 
they  were  based  principally  on  clinical  observation  or  were  the  result  of 
mere speculation. 
That  these  papers  did  not  tend  to  advance  the  medicinal  use  of  bile  is 
proven by the  fact  that  until a  few years  ago  bile  was  not  officinal in the 
pharmacopoeias of  Europe  or  the  United  States.  In  the  last  edition  of  the 
U.  S.  Pharmacopoeia bile  again  found a  place.  The  United  States  Dispen- 
satory of 1894  has only the following words  about  the  medicinal properties 
and uses of bile:  " Bile was formerly highly valued as a  remedy in numerous 
complaints, and was considered peculiarly applicable  to  cases attended with 
deficient biliary secretion.  It is supposed to be tonic and laxative." 
T.  Mitchell Bruce  (Materia Medica and Therapeutics, London,  1892,  p.  410) 
says of bile:  " It is a  bitter and cholagogue purgative of doubtful value." 
In  German-speaking countries bile  is  thought  to  be  of  still  less value,  as 
may be gathered from a  note in the well-known book  of  H.  Nothnagel and 
~¢[. T. Rossbach (Handbuch der Arzneimittellehre, 17re Aufiage, Berlin,  1894, 
p. 640).  The authors say: "  Thereapeutically bile is to be absolutely rejected. 
There is no condition in which its usefulness can  be proved." 
DESCRIPTION  OF  PLATE  IX. 
Curves  representing graphically results recorded  in detail in  Table II, 
pp. 72-83. 